


ERRATA AND AUTHOR’S EMENDATIONS 

Rage 43, figure 5, “A, vulgare” should be “A, timopheevf^ and ^^E, timopheevi ’ 
should be “E, vulgare,^' 

Page 78, par. 4, line 7, “205” should be “121.” 

Pa^s 82 to 101, change ^^cucumis (Fautn and Roum.) nov. comb.” to ‘^melonu 
(Pass.) nov. comb.” on p. 82, line 9; on p. 99, line 23; and on page 101, lines 
13—14. Change ^^cucumis” to “melonis^* on page 83, line 9, and in legend of 
figure 1; on page 84, table 1 heading; on page 87, 3rd line from bottom; on page 
94, table 3 heading; on page 97, in legend of fig. 6; and on page 100, line 2 of 
Summary. 

Page 98, under “Taxonomic Position of the Pungus:” Line 6, change “Since” to 

“Although;” line 9 and ff, change “the first specific name nov, comb,” 

to “the specific name of the asoigerous stage has priority. Therefore the proper 
binomial of the fungus is MycosphaereUa melonis (Pass.) nov. comb.” 

Page 99, lines 21-22, *^Ascochyta cucumis Fautr. and Roum.” should foe ^^Didymdla 
melonis Pass.” 

Page 153, par. 4, line 1, “length” should foe “quality.” 

Page 178, table 7, last column, heading should show nicotine divided by total 
alhaloids 

Page 196, table 4, col. 3, “4 or 5” should foe “3, 4, or 6.” 

Page 480, line 9, “10” should be “100.” 

Page 645, footnote 1, “1947” should be “1949.” 

P^e 623, par. 3, line 8, ^^(incamaium L,)” should foe “(T. incamatum L.) line 9, 
insert comma before “fenugreek.” 

Page 633, par. 1, lines 2 and 3, “8 for both the control and the treated sample” 
should be “score of 10 for the control sample.” 
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wood- 

specific gravity, relation to decay re- ' 

sistance 150 

weight loss caused by decay, comparison ' 

by species, regions, and localities 138-141 

Oaks — 

decay resistance — 

by tree, locality, and region, analysis of 

variance — .1 42-143 

locality and regional differences. _ 137-145 

relation to size of tree 145-140 

relation to specific gravity of wood 150 

testing , procedure 132-1 33 ' 

tests, materials and methods — 130-133 

variability in same species 13^137 

variability within individual trees 146-150 

seven native, decay resistance. Theodore 
C. Scheffer, George H. Englerth, and 

Catherine Q. Duncan. — i:S-152 

Onion- 

plants, resistance to pink root, test, stand- 
ardized technique 16-17 

varieties, reaction to isolates of Pyreno- 


Onions, pink root — 
disease — 
development- 

effect of initial pH 12-13 

relation to concentration of inoculum. 6-6, 17 
relation to isolates and sand temper- 
ature 11 

indices in unsterilized soil and inocu- 
lated sand 16 

fungus- 

pathogenicity, factors affecting. A. M. 

Gorenz, R. H. Larson, and J. C. 

Walker 1-18 

See also Pyremckaeia tenestris. 

Orange- 

trees— 


greenhouse-grown, inoculation with tris- 


teza 215 

infection by tristeza, transmission tests. 221 

Juice inoculations 215 

nursery-grown , inoculation with tristeza. 21 2-215 

tristeza transmission by insects 209, 218-221 

tristeza transmission by tissue union.. 217 
See also Citrus. 

Oranges — 

sour, susceptibility to tristeza, comparison 

with sweet- 223 

sweet, susceptibility to tristeza, compari- 
son with sour 226 

Oriental citrus aphid. See Aphis eitricidus. 
Orydolagus cuniculm. See Babbit, agouti- 
colored. 

Oven-drying, effect on toxicological and 
chemical values of derris root, Caleb 
Pagdn, Richard H. Hageman, and Ar- 

naud J . Loustalot 413-418 

Oxalis, Brazilian curly top infect ion... 684 


PagAn, Caleb: 

and Hageman, R. H.: Effect of Boot 
Diameter on Chemical and Biotoxic 

Constituents of Derris _ . . _ . 417-423 

and Loustalot, Arnaiti) J.: Comparison 
of Chemical Values with the.Toxioo- 
logical Rotenone Equivalent of Derris 

and Lonchocarpus Boots 197-^5 

Hageman, Richaru ,H., and Loustalot, 
Arnauu J.: The Effect of Sun,. Shade, ■ 
and Oven-Drying on the Toxicological 
and Chemical Values of Derris Root.... 413-416' 
Jones, Merriam A., McGovban, . Ed- 
■ WARD E., Gersix^rff, Wilbue, A., and' . . . 

PivuETT, Price G.: A Further Toxico- 
logical Com i^-rison of Derris and Lon- 
choearpus... 191-196 


Palatability tests on potatoes grown in soil 
treated with benzene:, hexachioride, 

■ chlordane, and ' chlorinated camphene. 

Mary L. Greenwood and Jean Marie 
Tice...... 477-482 
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Paper, black asphalt roofing, nse in pro tec- ' 

tionofsoil ; 348-351 

Parasites, insect, on sheep, control by rote- 
none and benzene hexaehloride dusts, in- 
vestigations.- - - 565-669 

Parents— 

female, age, relation to hatchabllity 286-287 

male, age, relation to hatchability, 285-286 

Rhode Island Red, age, effect on hatch- 
ability. P. A. Hays and D. W. Tal- 

madge ^ ^-290 

Pea- 

aphid , transmission of Wisconsin p ea stunt 

vims 618,624-625 

breeding for resistance to near wilt, testing 

technique 246,248,249 

canning crops, near-wilt resistance. - 241, 249 

common mosai c virus group, contrast with 

Wisconsin pea stunt virus.. 625 

crosses between resistant and susceptible 

lines 242 

Belwiche Commando, origin and value... 241 

disease caused by watermelon virus 648- 651 

enation mosaic-virus group, contrast with 

Wisconsin pea stunt virus 625 

garden- 

infection by tip blight, effect of moisture 

and temperature.. 318-323 

near-wilt resistance, gene for, inherit- 
ance. W. W. Hare, J. G. Walker, and 

E. J. Belwiche- 239-250 

tip blight. W. W: Hare 311-324 

heterozygous Fi plants, reaction of F 4 

families from 243,244 

inoculation with Wisconsin pea stunt 

vims 617-618 

line 738-49- 

characteristics 241, 242, 249 

derivation 241 

progenies, susceptible plants discarded — 244 

resistance to near-wilt secondary type 24S 

resistant to near-wilt — 

breeding 240-242, 249 

greenhouse tests 246-248,249 

hybrid progenies, field trials 241-246 

segregating progenies, classification ac- 
curacy 248-249 

stunt- 

mosaic, contrast with Wisconsin pea 

stunt 625 

Wisconsto. See Wisconsin pea stunt, 
varietal susceptibility to Wisconsin pea 

stunt.. 623 

wilt vims, contrast with Wisojnsin pea 

stunt viras 6^-626 

Peabson, Norma L.: False Motes in Cot- 
ton: Their Origin, Description, and Varia' 

tions in Number 705-717 

I^enmilium, development on wood treated. 

with ethyl mercuric phosphate. 696-697, 699-701, 702 
pH. Sw Hydrogen-ion concentration. 

Pmmps, T. G , and Boughun, M. E.: 
Composition and Digestible Energy of 

Hays. Fed to CatUe...,,.,..' 389-395 

Fhoma Ungam— 

monochromatic irradiation 5^-^X 

mutants— . 

cultural charad-ers, range of variation... 575-577 

descrlptl on ■ 576-580 

, fedoced by uitrogen-nmstard gas, com- 

. parisoiQ-,. 575 

inducticra by nitrogen-mustard gas., re- 

" :■ suits 572-574 

. pat hofenlcity tests 577-5S0 

polychromatic irradiation 581-585 

variab.i.!ity.— . 

caused by unfaiwable media 686 

caused by unfa vorabe temperatures,.. ^5^86 
, induced,. 0. . H. .Calvert, ..Glenn S. . 
Pound. J. C. Walker, Mark A. Stab- 

maiin, and 3. F. Stauffer, Jr..... 571-5S8' 

Indua^d by ultraviolet irradiation. 580-585 

, PknUpMhora caciamm-— 

cause .of red stem canker of cowpea. J. L. 

Welmer 1^75 

isolations and inoculations — 67-70 
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Pigment development in fur fibers of agouti- 

colored rabbits. Ethel H. Dolniek ... 617-634 

Pigments— 
in carrots— 

amount, initial and after storage 507 

break-down, effect of temperature 500 

break-down in storage ^ 494-499 

changes with growth 492-494 

degradation, effect of preprocessing 

storage 507 

degradation, effect of starch 506-607 

effects of antioxidants 507-511 

protection, agency of Na2S208 508, 610, 511-512 

individual, in dehydrated carrots, degra- 
dation. - 496-497 

Pine- 

molds favored by certain toxicants 695-703 

pitch canker— 

fusaria associated with. William C. 

Snyder, E. Richard Toole, and George 

H. Hepting- 365-382 

fusariiim in culture.. 375-377 

fusarium, natural distribution. 375 

fusarium, taxonomy 378 

Pink root fungus of onions— 
pathogenicity, factors affecting. A. M. 

Gorenz, R. H . Larson, and J. O. Walker. 1-18 


See also Pyrenochaeta terrestris, 

PiQUETT, Price G., Jones, Merriam A., 

Pagan, Caleb, McGovran, Edward 
R., and Gersdobep, Wilbur A.: A Fur 
ther Toxicological Comparison of Derris 

and Lonchocarpus. 191-196 

Pisum sativum. See Pea, garden; Peas. 

Plant growth, effect of inoculating soil with 

Azotobader. P. L. Gainey 405-411 

Plants, greenhouse, symptoms produced by 

watermelon vims 654-655 

Plots protected over winter, soil-structural 

condition.. 349-351 

Pollen— 

of sorghum, germination 665-666 

tubes of sorghum, growth 666 

Polymerization, hemp fiber 154-158 

Pohjporus veTskolor^ damage to oak. 133, 135, 148, 150 
Pope, Arthur L., Dicre, Robert L., 

Brat, Robert W., and H.jlnning, Flora: 
Investigation of Rotenone and Benzene 
Hexaehloride Dusts for the Control of In- 


sect Ectoparasites on Sheep 565-569 

Pope, M. N.: Viviparous Growth in Im- 
mature Barley Kernels 295-309 

Poplar, yellow- 

age and specific gravity 117-118 

test blocks, obtaining and measurement.. 104-106 

correlation, partial, analysis 121 

crown-surface relationships. 120-121 

growth- 

rate, changing, effect.. 119 

relation of spec! fie gravity and shrinkage 

to, Harvey D. Erickson 103-127 

regression equations and correlation co- 
efficients... 107,111,113,115,116 

rings |>er inch and— 

radial shrinkage. 113 

specific gravity 106-110 

tangential shrinkage.. 1 11-11 3 

volumetric shrinkage 110-111 

shrinkage- 

longitudinal-. 122 

values.— 125 

specific gravity— . . . 

and radial shrinkage 116-117 

and shrinkage of wood near pith........ 118-119 

and tangential shrinkage.... ; ... 115-116 

and volumetric shrinkage— . . . .113-115 

of wood from north and south sides of 

-tree 121-122 

For«a TOOJiticola, dam^e to wood.,.....— 132, 
... 133,134,137,144,148 
Potato late blight, epiphytotics, forecasting. 

Harold C. Cook — 545-563 

Potatoes— 

blackenii:^ after cooking, occurrence.. 627 
boiled—; ■ 

effect of cream of tartai'. . — 631-634 

influence of pH 630-631 
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Potatoes— Continued : 

cooked- 

color scores, infloenee of pH 630-631 

darkening, reduction procedures. Feme 

Bowman and Fiora Hanning 627-636 

cooking — 

acid treatment for blackening... 628, 630-635 

and evaluation for darkening 629-630 

grown in soil treated with benzene hexa- 
chloride, chlordano, and chlorinated 
campheiie, palatabillty tests. Mary L. 

Greenwood and Jean Marie Tice. 477-482 

micro-organisms present before and after 

steaming... 23 

Steamed, fermentation— 
for sllagCj, bacteriological changes during. 

John L. Etehells and Ivan D. Jones.. 19-31 

microscopic counts 29-30 

temperature changes 24-25 

steaming— 

effect on surface organisms 24 

for silage 21 

Poultry- 

hatchability in Ehode Island Eeds as 
affected by age of parents. F. A. Hays 

and D. W. Talmadge- 285-290 

See also Chickens. 

Pound, Glenn S.; 

A Virus Disease of Watermelon in Wiscon- 
sin Incited by the Tobacco Eingspot 

Virus 647-658 

The Effect of Air Temperature on Virus 
Concentration and Leaf Morphology of 

Mosaic- infected Horseradish 161-170 

Calvert, 0. H., Walker, J. C., Stah- 
MANN, Mark A., and Stauffer, J. F., 

Jr.: Induced Variability in Phoma 

Ungam 571-588 

Pseudomonas alboprecipitans, cause of bac- 
terial leaf blight and stalk rot of corn 7.30, 731 

Puccinia — 

graminis, resistance to in wheat strains. . - 45-47, 

58-59, 60-61 

triticina, resistance to in wheat strains 45,60 

Puerto Eico, altitudes, effect on quality of 

vanilla beans 448-449 

Pyrenochaeta terrestris — 
inoculum- 

concentration, relation to disease devel- 
opment 5-6, 17 

preparation 2-3 

isolates — 

and sand temperature, relation to disease 

development--- 11 

development, relation to temperature— 9-11 

hydrogen-ion relations 2, 11-13 

pathogenicity, variation 6-9, 17 

reaction of onion varieties to 14-16, 17 

spomlating capacity 2 

pathogenicity, disease classes 5 

Pyrogaliol, eiffcacy in protection of carrot 

pigments - 508-513 

PyiMum— 

debaryanum^ effect on garden pea above 

ground - 317-318 

spp-, pathogenicity to garden pea 316-318 

idtimim— 

cause of tip blight of garden pea. . 311, 317 

infection of pea, effect of moisture and 
temperature— .....318-323 

Rabbits, agouti-colored— 

fur pigments, study methods 518-519 

hair pigmentation- 

in adults... — 524-527 

in fetus. 519-522 

in Juveniles 622-523 

pigment— 

developmeut in fur fibers. Ethel H. 

Dolnick....... - 517-534 

pattem--.-. 518 

skin pigment— 528-530 

Bainfall data for forecasting late blight epi- 

phytotics--. 546-662 

Rape, horseradish vims concentration, effect 
of temperature 168-169 
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Eations, alfalfa and com and cottonseed 
hulls, digestibility andmetabolizability by 
lambs. E. M. Forbes and W. P. Garrigus. 483-488 

Eed- 

scale— 

California. See California red scales, 

Florida. See Florida red scale, 
stem canker of cowpea caused by Phytoph- 

thora cadorum, J. L. Weimer.... 65-75 

Regression— 

in cy tology and fertility in Triticum 47-52 

morphological in Triticum.... 41-4,5 

Eeproduction in Sorghum milgare^ cytology. 

Ernst Artschwager and Euth C. McGuire. 650-673 
Residue, spray, D'DT, removal from apples, 

problems. , Kenneth C. Walker. 383-387 

Resistance, near-wilt, in garden pea, gene 
for. W. W. Hare, J. C. Walker, and E, 

J. Delwiehe 239-250 

Ehode Island Eeds, hatchability as affected 
by age of parents. F. A. Hays and D. W. 

Talmadge 285-290 

Rhus typhina. See Sumac. 

Robert, Alice L., Johnson, A. G., and 
Cash, Lillian: Bacterial Leaf Blight and 

Stalk Rot of Com.. 719-732 

Roberts, E., Eisenstar,k, A,, and Al- 
berts, J. O,: Effect of Sodium Sulfamera- 

zine on Salmonella puUonm 291-294 

Robinson, WaLARD B.: The Effect of Sun- 
light on the Ascorbic Acid Content of 

Strawberries 257-262 

Eotenone— 

content of derris root, diameter study 419-422 

dusts for control of Insect ectoparasites on 
sheep, investigation, Robert J. Dicke, 

.Arthur L. Pope, Robert W. Bray, and 

Flora Hanning 585-569 

equivalent — 

biological, of derr!.s, comparisons 200, 203 

of derris and lonchocarpus samples 195 

toxicological and analytical values of 

derris and lonchocarpus 200 

toxicological comparison with chemical 
values of derris and lonchocarpus roots. 

Caleb Pagdn and Arnaud J. Loustalot. 197-1^5 
toxicity, comparison of derris and loncho- 
carpus - 1 91 -196 

Ruga verrucosam var. brasiliensis n. var.— 

description... 691 

occurrence and damage 691 

Rust resistance in Triticum strains 45-47, 

58-59,60-61 

Sabadilla-DDT mixtures, toxicity studies. 

J. T. Medler and H. E. Thompson 641-646 

Salmonella pullomm, effect of sodium sulfa- 
merazine on. E. Roberts, A. Eisenstark, 

and J. 0. Alberts 291-294 

Sapwood, molds favored by certain toxi- 
cants. 695-703 

Scheffer, Theodore C., Englerth, 

George H., and Duncan, Catherine 
G.: Decay Resistance of Seven Native , 

Oaks.. -.-..129-162 

Sex of chickens, relation to skull structure.. 400-401 
Shaddock, tristeza disease studies.. 223, 224, 231 
Shade, effect on toxicological and chemical 
values of derris root. Caleb Pagfc, 

Richard H. Hageman, and Amaud J. 

Loustalot,..—' 413-41 6 

Sheep, insect ectoparasites, , , control by 
rotenone and benzene hexachloride dusts, 
investigation. Robert J. Dicke, Arthur , 

L. Pope, Robert W. Bray, ..and Flora 

.Hanni^- — . — . — — 565-569 

Silage— , 

fermentation of ' ste.amed. potatoes ■ for, 
haeterlpiogieai changes during. John L. 

Etehells and Ivan D. Jones 19-31 

steamedpotato— 

, acidity,. titratable and pH-—..——— , . 24 . , 

analysis.........--,..— ■ 
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Silage— Contiimed 
steamed, potato—contiiiued 
fermeatatioii, iriicro-organisni popula- 
tion during T. 25-27 

fermentation, teiiiperature changes dur- 
ing-- ' 24-25 

making 21-22 

micro-organisms, predominating' groups _ 27-29, 30 

mieroseopic counts 24 

quality : . 30 

sampling technique .22 

Sili3 — 

experimental trench, construction 21 

filling with steamed potatoes 21-22 

Silver nitrate, eileet on germination of 

M^eospkaerelia m£loni$ 59S 

Skull structure in chicken varieties, 39S-401 

Slate'e, C.,L.iEEXCE S., and Hopf, Heney: 

A Principle for Tvlaiiitainiag Structure in ! 

Cleau-Cuitivfitcd Soils 347-352 i 

The Aft ion of Frost on the Water-Stability 

of Sfiils, 34..1-346 

The Effect of Earthworms on the Prodoc- 

tivity.o? A'zricuitiiral SoiL 325-339 i 

Smith, P£ep.yax, and_WARRE\’, D. C.: The 

Origin of ..Breeds o.f Cliicke'ns... 397-403 i 

S^fITH, R. AL, and .Browntyo. D. R.: The 
Infiueace of T>ryinc on Soil Buiierins: in 
Relation to Aggregation and Othe.r Fac- 
tors 203-284 

Smut resistance of Triticum strums 47,60 

Snyder, William C., Tool'e, E. Richard, 
and He'ptino,. Georg'b H.: Fusaria 
Associated with Mimosa W.ilt, Sumac 

and Pine Pitch Canker,., 365-382 

S odium — 

fl'iioride, tolei'aneo of molds to.. 697. 699, 700, 701-702 
h 3 'droxide, use in. removal of eucriistants 

from hump fiber 154-15S 

meta bisulfite (Naa Sa Os), agency in pro- 
tection of carrot pigments 508,510,511-51.2 

sulfamerazioe, effect on Salmonella pullo- 
cum. E. Roberts., A. Eisenstark, and 

J. ©.Alberts 291-294 

Soil- 

agricultural, productivity, effect of earth- 
worms on. Henry Hopp and Clarence 

.S, Slater 325-339 

buffering — 

against different cations, effect of drying. 275-276 
influence of drying i,ii relation to aggrega- 
tion and other factors, R. M. Smith 

and D . R . B ro wiling 263-284 . 

crashing time, effect on pH. 278-279 

frost damage, moderation, means.. ' .345 

grinding, effects o.n pH . 278 

hydrogen-ion concentration., changes' due 

to drying, reve.rsibility 268-272,280 

infiltration by earthworms 334-337 

inoculation with Azedobuder, effect upon 
plant gro'Wth and nitrogen balance. P. 

L. Gainey-. - 405-411 

protected over winter, struetural condi- . 

tion 349-v351 

suspensions in contact with base, pH, ■ 

effect o'f time ^7 

.treated with — . 

, bases, pH, effect of drying tim.e 277 

bases, weight, effect of drying 277 

benzene hexachloride, ehloidane, and 
chlorinated eampliene, potatoes grown 
in, palatability tests. ATary L. Green- 

wwd and Jean Marie Tice 477-482 

type, effect on ascorbic acid co.ntent of 

strawberries : ... 258, 260, 261 

.Soils— . . ' 

clean-cultivated, structure maintenance, 
principle. Henry Hopp and Clarence 

S. Slater........ 347-352 

drying— ■ 

. .on. aggregates... 280,^1 

on buffering against different cations. 275-276, 

28G' '^1 

. . on buffering, tests 266-268, 279-280^ 281 

on exchange capacity and recovery of 
: added bases.. 273-274 
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Soils— Continued 
drying— continued 
effect— continued 

o.n pH. 266 

on release of H-f- to neutral salt 274-275, 

2S0, 281 

variations, factors causing. . _ _ 276-279, 280-281 
mfluenee on buffering in relation to 
aggregation and other factors. E. M. 

Smith and D. R. Browning 263-284 

temperature, effect on pH 279 

time, effects 27i>-277 

freezing — 

and thawing repeatedly, effects 344 

slow and 'fast rates, effect . 344 

hydrogen-ion concentration, effect of— 
drying after addition of increments of 

base...--. 267-268 

drying samples ... 266 

drying te mperat ures 279 

drying ti me 277, 278 

grinding 278 

iong-contmued soaking, comparisons 272 

of different types and qualities, 'freezing 

effects. 343 

soaking and drying alter'nate, results.. 272-273, 280 
water-stability, action of frost on. Clar- 
ence S. Slater and Henry Hopp 341-346 

SQla7mm tuberosum. See Potatoes. 

Sorghum— 

anthesis 663 

caryopsis, cytology 607-670 

development, postfertHization 667 

embryo — 

development 659, 667-669 

mature, structure 669-4370 

sac, mature, organization 662-663 

endcisperm, development . 669 

fer t iiization 665-667 

flower development 663 

inflorescence, morphology 660 

macrosporogenesis 660-662 

microsporogenesis 663-665 

seed coat, structure 670 

seedling structure 670-672 

tmlgare, reproduction, cytology of. Ernst 

Artsehwager and Ruth G. AIcGuire 659-673 

Soybean production, effect of earthworms.. 330, 

334-337 

Specific gravity, relation to shrinkage and 
growth in yellow poplar. Harvey D. 

Erickson 103-127 

Spinach, Brazilian curly top, symptoms 682-683 

Spinal canal of cattle, Hypoderma larvae 
occurence in. Warren O. Haberman, 

Banner Bill Alorgan, and Robert J. Dicke. 637-640 
Spiny bur, Brazilian curly top, symptoms.. 682 

Spray- 

residue, DDT, removal from apples, 

problems. Kenneth O. Walker. ; 383-387 

treatments, pre-harvest, effect on pigment 

breakdown in carrots 513-514 

Spreaders, effect on DDT residue 386 

Sprinkling, overhead, effect on DDT resi- 
due 386 

Squash- 

pathogenicity of Mycosphaerella melonis-. 607 
seedlings, inoculation with MyemphaereUa 

melonis 601-603 

Stahmainh, Mare A., Calvert, .0. H., . 
Pound, Glenn S., Walker, J. O., and 
Stauffer, J. F., Jr.: Induced yariability 

in Phoma lingam 571-588 

Stauffer, J. F., Jr., Calvert, O. H., 

Pound, Glenn S., Walker, J, O., 'an.a 
. Stahmahn, AIar'k a.: Induced Variabil- 
ity in Phoma Imgam. 571-588 

Stearns, C. R., Jr., and Griffiths, J. T., 

Jb.: The Effects of Airplane DDT Appli- 
cations on Citrus Groves in Florida....... 471-476 

Stem rust resistance in Triticum strains 45-47, 

58-59,60-61 

Steinberg, Robert A.: Symptoms of 
Amino Acid Action on Tobacco Seedlings 

■in Aseptic Culture-...-... 733-741 

frustulosnm, damage to wood. . 132, 133, 134 
Stiekea:s, effect on DDT residue. — 386 
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Stocking, G. R., and Weiee, T. E.: 

Stability of Carotenoids in Ground De- 
hydrated Carrots— 4S9-501 

The Influence of Selected Antioxidants 

on Dehydrated Carrots 503-515 

Strawberries — 

ascorbic acid content, effect of sunlight. 

'Willard B. Robinson 257-262 

locations, effect on ascorbic acid content.. 258,261 
shading, effect on ascorbic acid content—. 258-260 
Stkoman, G. N.: Variability and Correla- 
tion in a Cotton-Breeding Program 353-364 

Sugar beet— 

Argentine curly top, resemblance of Bra- 
zilian curly top of tomato and tobacco to. 

G. W. Bennett and xV. S. Costa 675-693 

Brazilian curly top, symptoms 6S3 

curly top, North American, resemblance 
of Brazilian curly top of tomato and to- 
bacco to. C. W. Bennett and A. S. 

Costa. 675-693 

Sumac wilt— 

fusaria associated with. William C. Sny- 
der, E. Richard Toole, and George H. 

Hepting 365-382 

fusariuni — 

studies - 372-375 

taxonomy and nomenclature 372-374 

pathogen, similarity to mimosa wilt fun- 
gus 374-375 

Sun, effect on toxicological and chemical val- 
ues of derris root. Caleb Pagan, Richard 
H. Hageman, and Ariiaud J. Loustalot— . 413-416 
Saiilight, effect on ascorbic acid content of 

strawberries. Willard B. Robinson 257-262 

Sweetclover— 

white, infection with Wisconsin pea stimt 

virus.. 621 

yellow, infection with Wisconsin pea stunt 

vii’us 621 

SwGGtpotatoes— 

black rot, effect of heat. L. J. Kusbman 

and J. S. Cooley 183-190 

keeping quality, effect of heat. L, J. 

Kusliman and J. S. Cooley 183-190 

Synergism, definition 645 

Synergistic action of DDT-sabadilla mix- 
tures, evidence, with toxicity studies. J. 

T. Medler and H. E. Thompson 641-646 

Talmadge, D. W., and Hays, F. A.: Hatch- 
ability in Rhode Island Reds as Affected 

by Age of Parents 285-290 

Tangelo,tristeza disease studies. 223, 224, 231, 232, 234 


Tarnished plant bugs, susceptibility to 

DDT-sabadilla mixtures 641-646 

Temperature- 

air, effect on virus contsentration and leaf 
morphology of mosaic-infested horse- 
radish. Glenn S. Pound..,. 161-170 

cause of variability in Phoma lingam 585-586 

changes during fermentation of steamed 

' potato silage.. 24-25 

data for forecasting late blight epiphy- 

totics - 546-562 

effect on— , 

infection of pea by tip blight... 318-323 

mutation of cucurbit blackrotfungus,.., 98 

pigment breakdown in carrot .... 500 

' rate of development of California red 
' scales resistant and non resistant to hy- 
drocyanic acid gas. Francis Munger. 451-456 
symptom expression, of cucumber 

disease 652-653 

symptom expression of tobacco disease... 652-653 
relationto— 

development of cucurbit black rot..^ — 603-605 
development of onion pink root disease. - 9-11 
development of Wisconsin pea stunt 

disease..--. . 621 

growthol MycosphaereUamelonis 6^,612 

Temperatures, conditioning, for vanilla 431-433 

Thennophiles— 
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FACTORS AFFECTING PATHOGENICITY OF PINK ROOT 
FUNGUS OF ONIONS > 

By .\. M. iky mm z, agent, Division of Fruit and Vegetahle Crops a/nd Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Ilngineering, Agriculiural 
Fesearrii Adniinistration, United States Department of Agruyult lire ; li. H. Larson, 
agent and pathologist, Division of Fruit and Vegetable Crops and Diseases, and 
asststanl professor of plant pathology, Wisconsin Agriculiural Experiment Station; 
and J. C. ALKER, collaborator, Division of Fr uit and Vegetahle Crops and. Diseases, 
and professor of plant pathology, Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 

In a previous paper (2) ^ a study of a number of isolates of tlie 
causal fungus of pink root of onion (Allium cepa L.) was reported. 
It was shown that several strains produced pycnidia in culture and 
that others were completely sterile. Mutants that were sterile ap- 
peared regularly in old cultures. All fertile isolates produced pycnidia 
on roots or (‘otyledons of onions grown in inoculated quartz sand 
supplied witli a. balanced nutrient solution, but only one isolate, 
which had been single-spored twice in succession, produced pycnidia 
on tlie roots of plants grown in inoculated soil. The pycnidia of these 
fertile isolates were always found to bear setae, and, on the basis of 
tins hitlierto unreported fact, the fungus was transferred from Phorna 
terredris Hansen to Ppretiochaeta terrestris (Hansen) Gorenz, Walker, 
and Larson. 

Tlu‘ importance of the development of varieties of onion resistant 
to pink root for usc‘ in areas where the disease is a limiting factor has 
Ijeen (un])hasiz(Hl by Porter and hTones (5), A method was needed 
wl\er('b,y la.rge numbers of seedlings could be tested rapidly under 
r(‘produ(*ibl(y controlled conditions and various isolates of Py/^enochiieM 
terredris could be used as test pathogens. In the deveiopment of 
such a nu‘thod studies were carried out on the plyysiology of the fungus, 
on its vai’iahility in ])athogenicity, and on the relation of environal 
factors to tli(‘ (kwelopment of the disease in young sc(‘dhngs. When 
optimum (‘onditions had been determined, the relative resistan(*e of 
ii s(U'i('s of standa, rd varieties was found by the inoculation of s(H‘dlings. 
Tlu‘ rc'sults of th(‘ invcvstigations on physiology, pathogenicity, and 
iiost resistance arc presented in this paper. 

niecxrived for })ul)licatioii May 5, 1948. Cooperative invest ifj’ations of the 
Division of Fruit and Ve«jc table Crops and Diseases and the Wisconsin Aa;ricui-. 
tural Experiment Station. 

- The \\n'ders express sincere appreciation to Eugene H. Herrling, Wisconsin 
Agricuiturai Exporirneiit Station, for making the photographs, to H. A. Jones, 
Division of Fruit and Vegetable Crops and Diseases, and to commercial seed 
companies for siipplying seeds of standard commercial varieties of onions, and to 
various cooperators" for supplying the material from which the isolates were 
obtained. 

^ Italic numbers in parentheses refer to Literature Cited, p. 18. 
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The isolates of Fyrenmhaeta terrestris, their sporulating capacity, 
and their sources are listed in table 1. As a rule the strains or vari- 
eties of onions to be tested were grown from seed, but in a few' cases 
sets w-ere used. 


T able 1 . — Key numbers, sonrces, and sporidaiing capacity of isolates (yf Pyrenorhaeta 

terrestris used 


Key No, ^ 

Source 

Type of 
oriainal 
material 

S{)Orulatioti 
of isolates 
on culture 
medium 

Collector 

Cal-B-H. 

Berkeley, Calif 

Culture 


H. N. Hansen. 

Gal-1>~H 

-Davis, Calif 

Soil 


G. N. Davis 

Ca'i-I)-1^ 

do... 

Roots ... . 

+ 

L. D. Leach. 

f\)l-RF-T . . .... 

Rocky Ford. Colo ... 

Soil 


A. M. Binkiev. 

Col-FC~T.. 

Fort Collins, Colo 

do...:... 


Do. 

T ..... . ... 

do 

do 

+ 

Do. 

CoKFr'i-'P ... 

--do.. 

.do. 


Do. 

Coi-Frui 

do. 

... do 


i>o. 




4- 

F. L LeBeu,ii. 

La-S-S....- 

do 

do.... . 


Do. 


do 

do 


Do. 



Tex-H.,,.., 

Winter Haven, Bex 

do 


S. S. Ivan oft. 

Te\“T 

do 

do 

+ 

B. A. Perry. 

TexU-S I., 

.... do 

do 


Do. 

'rex--2-S 

...do . .... - 

do 

_ 

Do. 

Tex-l-H ... 

do - - - - - 

do 

_ 

Do. 

Tex~l-''P 

do . 

... .do 


Do. 

Inwo-U 

C'lcnr La.ko, Iowm 

Soil 


F. S. Haber, 

iowa-l-''l' . ...... ... 

Fertile, Io’y:i . 

Roots 

_ 

WL .I. Hooker. 

iown~S 

do 

do 

+ 

i)o. 

lowa-T. 

do - 

do 

+ 

Do. 

IJtnh-O-n 

Utah. 

Soil 



TTtah-'H 

_do 

do.. 

_ 


XJtah-T, : 

do : 

do 

_ 


IIKP . 

Burh’nttlon, III 

R oots 

d" 

A. M. (lopm/.. 

Mie'h-H-.. 

East Lansing , IM ich 

Culture 


A. L. A rider- 





sen. 

■Mass-T. 

Amherst, M’ass 

Roots 


H. M. Yei;sian. 

W'is-M-'P . . . 

'Madison. Wis . 

do 


A. M. Gore UK. 

Wis-R-T. . 

Racine, Wis 

. _ . <io 


Do. 







1 H iiHlicuffs a hypluil-t ij) traii.sfor; S, a simTle-siioiT transfer: 'P, a mass transfer. 


Clean, fine, white quartz sand wuis used as the host substrate in 
most instances. In some experiments it was contained in galvanized- 
iron pans, 3.5 inches deep, 12 inches wide, and 22 inches long, placed 
in Wisconsin soil-temperature tanks (fig. 1) in a gir^eiihoiise inAvhich 
the temperature ranged for the most part from 20° to 24° C. In 
other experiments sand cultures were run in 6-inch crocks fitted with 
siphons as described by Schroeder and Walker (7). In the study of 
the relation of hydrogen-ion concentration of the nutrient to disease 
development, a sand culture with a continuous drip of nutrient, as 
:described/by/Tryor\;(d), was' U^ 

To prepare inoculum, transfers were made from stock cultures of 
Pyremchada terrestris to :pe^i dishes, contain'ing Czapek s dextrose- 
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malt agar and^kept at 28° C. for 6 clays. Nine 6-mm. disks from the 
border of the luiigus mats in the petri dishes were transferred to 
dOO cc. ot Czapelds modified liquid medium ^ in 32-oimce bottles, whieh 
were^ incubated in a horizontal position for 10 days at 28° with dally 
sliaking to insure adec|uate aeration. The fungus and medium were 
inacerated in a Waring Blender for 3 minutes, and 100 cc. of this 
inoculum (exuMcpt when a different amount is indicated) diluted with 
900 cc. of distilled water was mixed with 10 kg. of sand. 

When pans were used, the inoculated sand formed a layer approxi- 
mately 2.5 inches deep, in which were marked 8 furrows one-half 
inch deep. Each furrow was divided into 4 equal sections, or 32 
^ndions per pan. Two pans were inoculated with each isolate. 
Each half pan was considered a replicate and 16 varieties were planted 



Figure 1. — Individual Wisconsin soil-temperature tank with culture pans. 


at random in 4 replicates, so that the reliability of the data could be 
checked by statistical analysis. Approximately 30 seeds were planted 
in each section. After the seeds were planted, the pans were placed 
at random in the soil-temperature tanks and were covered with card- 
board for 7 or 8 days; at that time tire seedlings were about 1 inch 
high. ^ The pans were then flooded with distilled water, the excess 
was siphoned off, and the pans were rewatered with the modified 
Hoagland’s solution used by Walker and Hooker and designated 
by them as IH. Subsequently, until the end of the experiment, the 
pans were watered as needed with distilled water. In figure the 

4 2 gm., NaNOs; 1 gm., KH2PO4; 0.5 gm., KCl; 0.5 giii., MgSOi; 0.01 gm., 
FeS 04 ; 20 gm., dextrose; 15 gm., malt extract: 20 gm., agar; 1,000 cc., water. 

•\2 gm., NaNOa; 1 gm., KH2PO4; 0.5 gm,, KCl; 0.05 gm., MgS 04 ; 0.01 gm., 
FeS 04 ; 50 gm., dextrose: 15 gm., malt extract; 1,000 cc., water. 

6 The formula used was as follows: Ca(N 03 ) 2 , 0.005M ; KNO;i, 0.005M ; MgSCh, 
0.002M; KH2PO4, O.OOIM; NaCl, O.OOIM; traces of H3BO3, CiiCki, ZnCfi, MriCb, 
'FeCla. . ■ 
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Figure 2. — Band-culture pans arranged in a series of Wisconsin soil-temperature 

tanks. 
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general arrangement of the culture pans in the soil-temperature tanks 
and the siphon in the corner of each pan are shown. 

The seedlings were carefully removed from the sand 28 to 30 days 
after planting and graded as to severity of symptoms of pink ipot into 
five disease classes, each of which was given a class weight as follows: 
Free of pink root, 0; slightly affected, 25; moderately affected, 50; 
severely affected, 75; dead, 100. A disease index for each lot was 
obtained by multiplying the niimher of plants in each class by the 
class weight, adding the products, and dividing the sum by the total 
number of plants. 

EXPERIMENTAL RESULTS 
CONCENTRATION OP INOCULUM 

Inoculum, of isolate Utah-T of Pyrenochaeta terrestris mixed at 
the rate of 12.5, 25, 50, 100, or 200 cc. to 10 kg. of sand. The inoc- 
ulated substrate was leveled off to within 1,5 inches of the top of 6-inch 
crocks. Each concentration of inoculum was replicated four times at 
16®, 20®, 24®, and 28® C. in Wisconsin soil-tem.perature tanks. Excel, 
Texas Grano, Mountain Danvers, and Yellow Globe Danvers varieties 
were plantecl at the rate of 30 seeds of each variety. Data were 
taken 28 days after planting (table 2). 


Table 2. — Concentraiion of inoculum of isolate Utah-~T of Pyrenochaeta terresiris 
in relation to disease development on 4 onion varieties at 4 sand temperatures 


Variety 

Concen- 

Disease index at temperature indicated 

tration 

16“ C. 

20“ C. 

24“ C. 

28“ C. 


Cc. per to 
kg. 

f 12.5 

0 

3 

16 

24 


25.0 

0 i 

4 

28 

39 

Excel--- 

\ 50.0 

1 i 

10 

27 

72 


100. 0 

4 i 

19 

38 

76 


1 200.0 

5 1 

20 

40 

71 


12. 5 

0 

10 

70 

96 


25.0 

2 

.36 

89 

96 

T exas Graao 

60.0 

14 

41 

84 

100 


100. 0 

5 

28 

80 

99 


200.0 

10 

56 

95 

99 


12. 5 

0 

18 

87 

100 


26.0 

6 

55 

97 

98 

Mountain Danvers - 

50. 0 

14 1 

49 

93 

100 


100.0 

11 

54 

, .. 94 

100 


200.0 

16 

51 

/"■96 

100 

1 , 


f 12. 5 

0 

3 

-67 

/,",■'■■■,■, 96 


25.0 

0 

15 

, ' 87 

91 

Yellow GloLe'Panvers. - — - - . - 

\ 50.0 

5 

SI 

■85 

, 98 


100.0 ! 

6 

28 

■■75 

■08 


1 200.0 ! 

8 

28 

89, 

100 


The disease index was influenced by resistance of the host, the 
temperature of the substrate, and the concentration of the inoculum. 
At 16® C. the disease was so slight that the influences of variety and 
concentration of inoculum were not measurable. The indices were 
higher at 20® than at 16®. There was a steady increase of the index 
of the most resistant variety, Excel, with increase of inoculum, but 
the index curves of the other three varieties, which were obviously 
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more susceptible than Excel, leveled off at 50 cc. or less of inociilum. 
At the more favorable temperatures, 24° and 28°, the differential in 
index due to moculiim became very slight or nil except in Excel. At 
28° the indices of this variety were lower at all concentrations than 
those of the other varieties, but concentrations of 50, 100, and 200 
cc. of inoculiim did not have appreciably different effects on Excel. 
It was concluded that the maximum index due to increase in coiicen- 
tration of inociilum was reached more promptly as the temperature 
increased and as the inherent resistance of the host decreased. The 
relations of concentration of inoculum and of temperature to the 
disease indices of the most resistant variety, Excel, and of one of the 
three more susceptible varieties, Yellow Globe Danvers, are shown 
graphically in figure 3. 

VARIATION IN PATHOGENICITY OF ISOLATES 

Inocula of isolates Utah-H, Mich-H, Iowa~H, Tex-H, Cal-”B-“H, 
and Cal-"D-H were prepared in the usual manner, and 6-inch crocks 
of sand and of soil (two-thirds greenhouse loam, one-third muck soil) 
were inoculated. Five White Portugal sets, surface-sterilized in 
1 : 1,000 mercuric chloride for 20 minutes, were planted in each crock. 
The crocks were then placed in soil-temperature tanks set at 25° C. 
Plants were pulled after 30 days and rated as to severity of infection 
(table 3). Isolates Utah-H, Tex-H, and Cal-D-H were highly 
pathogenic, isolates Cal-B~H and lowa-H moderately so, and isolate 
Mich-H weakly pathogenic in both sand and soil. In general a lower 
disease rating was obtained in soil than in sand. 


Table 3. — Pathogenicity of 6 isolates of Pyrenochaeta terrestris on White Portugal 
onion sets in sand and soil at C. 


Isolate 

Disease index in— 

Isolate 

Distiase index in— 

Sand 

Soil 

Sand 

Soil 

'Utah~H_..- 

100 

100 


40 

5 

Tex-H... 

100 

90 

. .. .. 

lowa-H 

45 

5 

Cal-D-H 

100 

80 

Mich~H 

5 

0 








In another experiment a second, group of isolates was t(‘st(al ou 
seedlings in sand culture in pans. Two rows each of Yellow Bermuda , 
the parent of Excel (table 2), and Southport Yellow Globe varieties 
were planted in each of two pans inoculated with each isolate. Tlie 
isolates used and the disease indices obtained 28 days after planting 
at 24° C. are presented in table 4. The disease indices for Southport 
Yellow Globe ranged from 100 for isolate La-S to 44 for isolate 
Wis-M-T. The indices for Yellow Berm.uda were lower than those 
for Southport Yellow Globe. For any isolate the differen(*,es between 
variety indices were highly significant. The descending order of the 
indices was not the same for Yellow Sermuda as for Southport Yellow 
Globe. However, isolates La-S and Tex-T were more virulent than 
the others and Wis-M-T was the least virulent on both varieties. 
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FiaxjBB 3.— Relation of temperature and concentration of inoculum to disease 
indices in seedlings of Excel and Yellow Globe Danvers onions. 1,100 ec, of 
inoculum to 10 kg. of sand; 25 cc.; 12.5 cc. 



Figure 4. — Routliport Yellow Globe (YG) and Yellow Bermuda^ (YB) plants 
grown for 28 days at 24° C. in sand inoculated with (A) a highly virulent isolate 
(La~“S) and (B) a weakly virulent isolate (Col-FC-T). The greater resistance 
of Yellow Bermuda plants is more evident with isolate La-S. 


Table 4. — Pathogenicity of 8 isolates of Pyrenochaeta terrestris on seedlings of 2 

onion varieties at 24^ Cd 


Isolate 

! Disease inctex in variot.y-— 

Isolate niean 

Southport 
yellow Globe 

Yellow 

1 Bermuda 

La-S „ 

100 

90 

95.0 

Tex-T 

99 

91 

95.0 

U'tah-T. . - ----- 

88 

48 

68.0 

C ol-R F-T - - — 

86 

39 

62.5 

Mass-T.-.-------.-----,-,-—-,— — 

76 

U 

70.0 

C:3ol~F01-T-..— — - - 

75 

39 

57.0 

lowa-T- ■-„ 

73 

48' 

60.6 

Wis-M-O' 

, '44 

; 29' 

36.5 

Variety mean 

80.1 

56.0 







S-percent t -percent 


i Least significant differena’i: level level 

■Varieties- — LT- 2.3 

Isolates — 3.5,. 4.6 

Varieties X isolates. — ... 6,9 9.2 

W ithin varieties or isolates - - ..4,, 4.9 6. 5 
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The comparative studies of isolates showed that rather wide 
differences in virulence existed. Other experiments, not presented in 
detail, showed that isolates from the same locality also varied in 
virulence. From the comparison of host varieties it appeared that 
the differences in host resistance were less pronounced when highly 
virulent isolates were used as the source of inoculum than when 
weakly virulent isolates were used. A comparison of Yellow Bermuda 
and Southport Yellow Globe varieties infected by a highly virulent 
isolate and a wealdy virulent one is given in figure 4. Insofar as 
observations were conducted, cultures of individual isolates main- 
tained by mass transfers on culture media about every 3 months 
retained about the same degree of virulence for 18 months. 

TEMPERATURE RELATIONS 

Hansen { 3 ) found the optimum for growth of the pink root fungus 
on corn-meal agar to be about 26® C. Davis and Flenderson (1) 
reported the optimum for growth on potato-dextrose agar to be 28®. 
In this investigation, plates containing 25 cc. of potato-dextrose agar 
were inoculated with 6-mm. disks from the borders of colonies on the 
same kind of agar. The isolates studied and the average diameters 
of colonies at 8 and 12 days are given in table 5. Six isolates made 
optimum growth at 28®, while two showed best growth at 24® on both 
the eighth and the twelfth day. Three (Utah-O-H, Mass-T, and 
CaDD-T) made about as good growth at 24® as at 28®. The rates 
of increase of colony diameters with increases of temperature were 
not the same for all isolates. This is shown graphically in figure 5. 
The least growth at 28® was made by Mass-T and the most by 
Wis™K~T; the growth of Tex-l-H was intermediate. 

Table B.— Relation of temperature to growth of 11 isolates of Pyrenochaeta terrestris 

on potato-dextrose agar 


Diameter of colonies at temperature and days indicated ' 


Isolate 

16° 

0 . 

20° 

C. 

24° 

C. 

2S° 

C. 

32° 

0 . 

8 

12 

8 

12 

8 

12 

8 

12 

8 

12 ■ 


Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Utah 0- II f 

17. 5 

31. 8 

29.5 

41. 5 

33. 5 

56. 5 

33. 0 

58.0 

16.8 

35. 3 



14.3 

29.5 

28. 5 

56.8 

45.8 

78.8 

47,8 

90. 0 

24, 8 

44. 8 

- J 

17.0 

34.0 

32.0 

65. 8 

45.3 

71. 8 

! 40. 0 

64. 0 

22. 0 

43. 0 


14.3 

27. 6 

25. 0 

49.0 

47. 0 

78.8 

i 42.5 

72. 5 

21.0 

41, 0 

lowa-T 

14. 5 

26.3 

25.3 

46.0 

44.0 

71.0 

' 51.0 

90.0 

19. 8 

33.5 

Ool-~FCL-H, 

n.B 

27.0 

23.0 

49.6 

44.8 

76.0 

48.5 

90. 0 

29.. 6 

46. 5 

'Tex-l-II 

17. 0 

26.5 

27.8 

48.8 

, 37.6 

63. 3 

43.8 

68.5 

6.3 

! 10.0 

Wis- R _ . - 

11.8 

20. 5 

31.0 

54.6 

48.5 

84.0 

I ■■55. 8 

90.0 

16.0 

19.0 

Wis-M-T„. * 1 

18.8 

29.0 I 

37.3 

59. 8 

46. 0 

72.0 

53.0 

72.3 

16. 5 

25. 3 

Mass-T_ ^ 

11.0 

20,5 

25.3 

44.6 

30. 8 

44,5 

28.0 

51.5 

2.0 

3.8 

■OaH3~T„ ■ ■ 

12.5 

27.0 

25. 5 

49.7 

46.5 

76.8 

47.5 

71,3 

31.3 

48.0 


1 At a reading of 90.0 the plate was completely occupied by the culture. 

The relation of temperature to development of pink \ root was 
investigated by Hansen (5) . Hansen planted onion bulbs in inoculated 
steam-sterlilized soil in pots which were placed at 4® C., 10®, 13®, 
20®, 25®, or 30® in the dark. He found that all of the 20 plants exposed 

818390—49 2 : ■. '■ 



DIAMETER 






Jan. 1 , 15, 1949 PfUhogenicity of Pink Boot Fwngus of Onions 


11 


to 25° were infected, whereas only 4 were infected at 30° and 15 at 
20°. The best plant development occurred at 25°. Hansen concluded 
that the optimum for disease development was not far from 26°. The 
results of the present investigation (table 2) show that the index of 
isolate Utah-T increased with temperature up to 28°. In another 
experiment 4 varieties were grown in sand inoculated with isolates 
Tex-l-T, La-S-S, lowa-S, and Wis-R-T at 16°, 20°, 24°, and 28°, 
respectively. The results are presented in table 6. 


Table 6. — Relatiori of 4 isolates of PyrenocJiaeta terrestris and sand teynperature 

to disease development ^ 


Variety 


Excel- 


Texas Grano.., 


Mountain Ilan v'ers 


Yellow Globe Danvers. 


Teni perature mean - 


Isolate mean (all varieties 
and all temperatures). 


Isolate 


TexU-T-- 

La-S-S..,. 

lowa-S 

Wis-R~T. 

Tex-l'-T. . 
La-S-S.... 

lowa-S 

Wis-R-T . 

[Te.x-1-T. . 
i La-S-S-.. 

lo wa-S 

;Wis-R-T. 


Pex-l-T-. 

La-S-S 

lowa-S 

Wis-R-T. 


Tex-1 -T.. 
La-S-S.... 

lowa-S 

Wis-R-T. 


Disease index at temperature Indicated 


16° C. 


48.3 


20° C. 


65. 4 


24° C. 


99 

84 

93 

90 

100 

98 
76 
59 

99 

91 
50 
57 

100 

90 

54 

34 


79.6 


28° C. 


93.3 
84.1 
56. 9 
50. 6 


100 

94 

97 
94 

100 

100 

94 

83 

100 

100 

82 

78 

100 

98 
76 
67 


91.4 


Variety 

mean 


78.5 


74.0 


67.8 


64.2 


S’percent 1 -percent 


1 Least significant difference; level level 

Varieties... . 2.7 3.5 

Isolates 2.7 '3.5 

0,''em.peratures .... 2. 7 3.5 

W it, bin varieties, isolates, or teraiieratures 10. 4 14.1 


Isolate Tex- I-“T was much more virulent than isolates Iowa~S and 
Wis-R-T and slightly more virulent than isolate La-S-S. The dif- 
ferences were more pronounced at 16° C. and usually became less so 
at each step increase in temperature. The m.ost severe disease develop- 
ment was at 28° Excel apparently was as susceptible to isolate 
Tex-l-T as Texas Grano, Mountain Danvers, and Yellow Globe 
Danvers, It was m.oi*e susceptible than the last two varieties to 
isolates Wis-R-T and lowa-S. 


HYDROGEN-ION RELATIONS 

Davis and Henderson (I) reported a pH range of 4.2 to 7.4 to be 
favorable to growth of the pink root fungus on potato-dextrose agar. 
In the present investigation growth was studied on a modified Hoag- 
land’s nutrient solution^ containing 15 percent inalt extract 10 per- 


7 See footnote 6, p. 3 
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cent dextrose, and 20 percent agar.- Into each plate after sterilization 
20 cc. of the medium was measured and adjusted to pH 4, 6 , or 8 with 
sodium hydroxide or hydrochloric acid. Five replicates of each 
were inoculated with isolates La-S-S, La-M-T, IJtah-O-H, and 
Tex-~1-T and incubated at 24° C. for 8 days. The nieasurements 
recorded in table 7 were neaily the same at all pH levels for tillage 
isolates; for the fourth isolate (Utah-O-H) there was a small decrease 
in growth from pH 8 to pH 4. 

In a second experiment isolate La-M-T was grown at pH 2, 3, 4, 
5, 6, 7, and 8, respectively. There was no difference in growth at 
pH 4 to 8; a decided retardation occurred at pH 3; and no growth oo 
curred at pH 2. 

Table 7. — Gro-wth of 4 isolates of Pyrenocihaeta terrestris on malt-extrad agar of S 

initial pH levels 


Isolate 


La-S-S .. 
Tex~l~T... 
I7tah-0~H. 


Diameter of colony at initial pH level 
indicated 


. 4 

6 

H 

Millimeters 

Millimeters 

Millimeters 

54.6 

54.4 

55. 2 

46. S 

46.2 

44.8 

53. 6 i 

55. 6 

55. 4 

48. S 

52. 2 

56. 0 


Kreutzer (4) studied the nature of the influence of hydrogen-ion 
concentration on tlie manifestation of color in onion roots infectc'd by 
the pink root fungus. He placed diseased roots in a liquid and changed 
the pH of the latter. The color changed from red or red purple at 
pH 8.5 to yellow brown at pH 4.5. In the present investigation four 
varieties of onion were grown in sand inoculated with four isolates and 
placed in a continuous-drip nutrition system (6) in which the nutrient 
was adjusted to pH 4, 6, and 8, respectively. The nutrient solutions 
at the two lower pH levels had changed vei’y slightly when tlu'y left 
the sand culture. The pH 8 nutrient had shifted to about pH 7 *wlien 
it left the pot. The (lisease indices are givcu) in t,al)l(' 8, Isolate 
Utah-O-H was the least virulent and Tax 1 T tiu' most, viruhmt,. 
Exc(4 was consistently inore resistant at all pH l(W(4s and to all isolates. 
There was no consistent difference in disease indi(‘es a,t, th(‘ (lillertufl, 
pH hwels. lioot color varied with variety and isolatii^ at, (‘a, eh pii 1('V(4. 
riie darkest red roots were at pH 8: many brownish pink-roots were, 
found at pH 4. 

The heights of inoculated and uninoculated plants were recorded at 
the end of the experiment (table 9). There was no appreciable 
difference between plants at the three pH levels in the uniiiociilated 
sand. In the inoculated sand tliere was an inverse relation between 
height of plants and virulence of isolate, the greatest difference being 
between plants infected by isolate Utah-O-ft and those by isolate 
Tex-1 -T. Within a given isolate there was an inverse relation h(‘,- 
tween disease index and plant height. The widest difference was that 
between Excel, the most resistant, and Wliite Grano, t,lie most sus(u'p- 
tible variety. The difference was more pronoimced with tlu^ three 
highly virulent isolates than with isolate UtalmO-IL 
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Table 8. — Effect of initial pH on disease development on. 4 varieties of onion inocu^ 
lated with 4 isolates of Pyrenochaeta ierrestris ^ 


Isolate 


Variety 


Disease index at initial pH 
level indicated 

Mean ft>r 
all pH 
levels 

Isolate 

mean 

4 

6 

S 

5 

15 

10 

10.0 

] 

20 

35 

35 

30.0 


15 

25 

25 

21.7 


15 

25 

25 

21.7 

J 

60 

40 

45 

48. 3 

) 

8f» 

90 

90 

88.3 


80 

70 

85 

78. 3 . 


80 

90 

90 

86. 7 

j 

30 

30 

40 

33. 3 

) 

SO 

85 

90 

85.0 

V TA A 

80 

80 

90 

83.3 

( < A. ^ 

75 

80 

85 

80,0 

1 

50 

50 

45 

48.3 

) 

95 

95 1 

95 

95. 0 

1 

95 

95 

95 

95. 0 

f o4. 0 

95 

95 

95 

95. 0 

.1 

35.0 

74.0 

69. 0 

70,8 












lTtah-0-H,., 




La-S-S 


Tex-1~T„ 


Excel 

White Grano 

White Sweet Spanish^ , 
Yellow Globe Danvers- 


Excel 

White Grano 

White Sweet Spanish . , 
Yellow Globe Danvers. 


Excel .... 

White Grano 

White Sweet Spanish 

Yellow Globe Danvers. 


Excel 

White Grano 

White Sweet Spanish 
Yellow Globe Danvers . 


Variety mean (all 
isolates and all 
pH levels) . 


(Excel 

1 White Grano 

I White Sweet Spanish. . . 
l Yellow Globe Danvers. 


5'percent 1 -percent 

1 Least significant difference: level level 

Varieties • 6.3 7.0 

Isolates 5.3 ’ 7.0 

Varieties X isolates 14.9 19.7 


Table 9. — Effect of initial pH on the height of seedlings of 4 varieties of onion 
inoculated with 4 isolates of Pyrenochaeta terrestris ^ 




Height of seedings at — j 

Mean for 

Control 

Control or isolate 

Variety 




all pH 

or isolate 



pH 4 

pH 6 

pH 8 

levels 

mean 



Inches 

Inches 

Inches 

Inches 

Inches 


(Excel 

8.5 

8.0 

9.0 

8.4 

] 

Control (nninoculated) . 

(White Grano 

8.6 

8.0 

8.5 

8.3 

8 4 


(White Sweet Spanish 

8.0 

7. 5 

8.0 

8. 1 

f 


l Yellow Globe Danvers 

9.0 

8.5 

9.0 

8.8 

) 


(Excel - 

7.0 

7. 0 

'7.6 

7.1 

] 

IJtah-O-IL. 

j White Grano 

6. 5 

7. 0 

7. 0 

6. 7 

i 6.9 


1 White Sweet Spanish 

6.6 

6.5 

6.5 

6.5 


lYellow Globe Danvers., 

7. 6 

7.0 

7.5 

7.3 

1 


(Excel 

4.5 

5. 5 

5.0 

6. 0 

1 

La-M-T...... 

J White Grano 

2.0. 

3. 0 

1.5 

2.3 

[ 3.3 


] White Sweet Spanish. . . .. 

3.5 

4.0 

2.6 

3.4. 


lYellow Globe Danvers 

2.5 

3. 0 

2.0 

2.6 

J, ■ 


(Excel..,. 

5.0 

6.5 

5.5 

■ 5.3 


La--S-S. 

J White Grano 

2. 0 

3. 5 

3.0 

2.8 

3.8 


(White Sweet Spanish 

3. 0 

3.5 

3.0 

3.3 


lYellow Globe Danvers 

4.0 

4.0 

3.0 

3.8 



(Excel 

4.0 i 

6.0 

4.5 

4.5 

1 

Tex~'l“T. 

White Grano.. 

2.0 

3. 0 

3.0 

2.8, 

i 3.2 


W h ite Sweet Spanish ..... 

3.0 

3. 5 

3.0 

3.1 


lYellow Globe Danvers.... 

, 2.6 

2. 5 

. 2.5 

2. 5 

i,', ' 

Variety mean (all 







isolates and all 

J White Grano-- 


3. 7 




pH levels). 

(White Sweet Spanish. .... 


4.1 




lYellow Globe Dan vers.. 


4.1 





S-pefcent t -percent 


dA'iast significant (lifTerence: keel Urel 

Varieties... 0.4 ^ 0,-6 

lsolates...«-.H-*-*^-..— . -4 .6,, 



14 


Journal of AgricMltural Research 


Vol. 78, Nos. 1, 2 


HOST RESISTANCE 

Taubenliaiis and Mally {S) reported that in Te‘xas the Bermiida 
varieties of onion were moderately resistant to pink root, wlu'reas 
other varieties tested, including Sweet Spanish, were very siiseept.il)l(\ 
Porter and Jones (f5) found that in California Australian Brow and 
Yellow Globe Danvers were susceptible and Sweet Spanisli only 
moderately so. In the present investigation results from the experi- 
ments already reported showed a difference in degree ol pink root 
development in varieties grown for 28. days on heavily infested sand 
at temperatures very favorable for the causal fungus. In most in- 
stances Yellow Bermuda and Excel showed lower indices than other 
varieties tested. This is in accord with the reputed behavior oi 
Bermuda varieties in infested soil in the Rio Grande Valley arid else- 
where. The experiments also showed that the expressioii of resistanc'e 
was suppressed as the temperature rose to 28° C. and in pt'oportion 
to the virulence and concentration of the pathogen. Under optinium 
conditions, then, Yellow Bermuda eventually showed a disease index 
of 100. 

The optim.iiin conditions for severe seedling tests having been 
worked out, various onion varieties were tested for siisceptibility to 
a large num.ber of isolates. The data from, the fii*st series are given 
in table 10. The disease indices of isolates Mass-T, Col PCl~T 
Wis-R-T, and Wis-M-T averaged highly significantly lower than 
those of the other isolates. Yellow Bermuda-1 had a highly signifi- 
cantly lower index than any other variety tested, and this difference 
was usually significant when varieties were compared witlnn each 
individual isolate. Excel~l was the next in resistance, but its index 
was not so consistently low as that of Yellow Bermuda-1. 

Table 10 . — Reaction of onion varieties to isolates of Pyrenochaeta terresiris^ series 1 ^ 


Disease index of isolate indicated 


Variety 

Cal-D-T 

La-S 

Ill-T 

y 

Y 

Col-FCl-T 

. m 

c3 

1 

Utah-T 

Mass-T 

Wis-VI-T 


Variety mean 

Nebuka. 

90 

81 

98 

55 

38 

95 

64 

44 

77 

62 

71.0 

Y allow Bermuda-l .. . 

71 

72 

83 

62 

29 

80 

63 

29 

51 

37 

58. 0 

Exeel-l.. 

96 

76 

94 

61 

33 

96 

70 

37 

66 

74 

69. 2 

Brigham Yellow Globe~l 

96 

86 

■81 1 

86 

55 

78 

84 

43 

56 

64 

71.9 

Brigham Yellow Glob6-2. , — . 

96 

88 

86 

86 

57 

81 

91 

44 

66 

'48 

74. 2 

Red Wethersfield- b 

95 

88 

m 

83 

50 

82 

89 

41 

70 

48 

72. 9 

Yellow Globe Danvers-l 

98 ; 

87 

86 

82 

53 

83 

89 

45 

64 

54 

74. 1 

Y ellow Globe Dan vers~2 

98 ! 

89 

87 

86 

58 

87 

"89 

50 

72 

52 

76. H 

Early Yellow Globe-l. 

99 

90 

85 

90 

62 

85 

96 

46 

67 

56 

77. 6 

E benezer-1. 

96 

94 

83 

87 

56 

86 

89 

43 

67 

55 

75 , 6 

Sweet Spanish”! . . .. 

97 

88 

89 

79 

46 

88 

89 

68 

76 

68 

76. 8 

White Sweet Spanish-! 

95 

92 

85 

80 

52 

82 

89 

50 

74 

.67 

76.6 

Australian Brown-l 

98 

92. 

94 

86 

52 

89 

93 

44 

74 

55 

77, 7 

Sutton’s A1 - 

98 

95 

91 

88 

56 

92 

89 

55 

69 

60 

79.3 

Ailsa Craig. - . 

100 

100 

100 

-97 

69 

99 

96 

75 

80 

76 

89.2 

Autumn Queen. - . . . „ . 

,98 

96 

100 

88 

70 

96 

92 

73 

89 

, , 84 

88.6 

,, Isolate mean.....-,.-—. 

I 9 5. 4 

■ .88.8 

89.1 

81. 0 

62.3 

87. 4 

85. 8 

48. 6 

69.4 

'."Sa.l ; 



S-percmt Upermnt 

1 Least significant ditfeenca: , , ■ ' keel leml 

Varieties- 3 . 4 ' 4 5 

Iselates— ■ 2.'7 3*(i 

.. Varieties X isolates--— — — --■'ji-— . . ---h 1.12 20*1 

W.ithiii,,varieti@sor isolates,— --.*—'-;,'-w——..*—,*-^:-^..— „ „ 10.7 ' 14 2 
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The data from the second series are given in table 11. The disease 
indices of isolates Cal-D-T, La-S-S, Ill-T, and Gol-FC2™T averaged 
significantly higher than those of the other isolates. Beltsville 
Bunching (an amphidiploid) was the most resistant variety, followed 
by Excel-2 and California Hybrid Red. Excel-2 was grown from a 
fresh lot of seed, whereas Excel-1 was grown from seed of the previous 
year. Thus the slightly higher disease index of Excel-l may have 
been due pai'tly to less vigorous growth after germination. All the 
other varieties tested were uniformly susceptible. 


Table 11. — Reaction of onion varieties to isolates of Pyrenochaetaierrestris, series 2 ^ 


Variety 

Disease index of isolate indicated 

Variety mean 

4 

'S 

o 

CO 

CO 

1 

s 


Tex-l-S 

iR 

Q 

o 

U 

lowa-l-T 

Utah-T 

Mass-T 

t 

,4 

fS 

Beltsville Bunching- 

99 

100 

94 

35 

99 

35 

41 

62 

87 

'77 

72. 9 

Exeel-1 

97 

100 

97 

09 

99 

76 : 

65 

73 

94 

97 

86.7 

Excel-2 „ 

98 

98 

99 

54 

98 

73 

57 

70 

97 

91 

83. 5 

Brigham Yellow Olobe-1 

100 

100 

90 

81 

100 

76 

94 

77 

93 

89 

90. 6 

Brigham Yellow Globe-3 

100 

100 

94 

92 

100 

82 

94 

84 

92 

91 

92. 9 

Red Wethersfield-2.. 

100 

100 

96 

78 

100 

77 

90 

79 

92 

91 

90. 3 

Y ellow Globe narivers-l 

100 

100 

99 

82 

100 

76 

94 

77 

91 

87 

90. 6 

Yellow Globe Danvers-2-. .. 

100 

100 

99 

81 

100 

83 

90 

81 

95 

91 

92.6 

Early Yellow Qlobe-1 

100 

100 

98 

91 

100 

72 

97 

75 

91 

89 

91.3 

Ebenezer-1 

100 

100 

97 

SO 

100 

70 

91 

71 

90 

89 

88.8 

Sweet Spanish- 1 

100 

100 

98 

73 

100 

80 

85 

75 

98 

95 

90. 4 

White Sweet Spanish-1. 

100 

100 

99 

79 

100 

77 

94 

77 

96 

92 

91.4 

Australian Brown™ 1 

100 

100 

100 

73 

100 

80 

90 

85 

95 

98 

92. 1 

California Hybrid Red 

100 

100 

95 

82 

100 

61 

93 

67 

72 

78 

84. 8 

Texas Grano 

100 

100 

98 

82 

100 

69 

96 

75 

96 

87 

90.3 

Isolate mean.. 

99. 6 

99. 9 ■ 

97.3 

75.5 

99.7 

72.5 

85. 1 

75.2 

91.9 

89. 5 



i 5-percent 1 -percent 

> Least significant difference: . 

Varieties 2. 4 , 3.2 ■ 

Isolates . 1.9 2.5 

V arietioa X isolates — - - 10. 7 14.1 

W ithin varieties or isolates. - 7. 6 10. 0 


The data from the third series are presented in table 12. Again 
the disease indices of isolates Cal-D-T, La-S-S, and Col~FC2~T 
were much higher than those of the other isolates. Yellow Bermuda-2 
and White Sweet Spanish-2 were significantly more resistant than the 
other varieties. Crystal Grano was significantly more susceptible 
than the other varieties. 

A comparison of disease indices of sand- and soil-culture series is 
given in table 13. The indices for the sand-culture series represent 
an average of all varieties inoculated with a given isolate. It can be 
seen that there was a general tendency for the indices of the soil 
series to be lower than those of the sand series. There was also more 
variation in the soil-culture s Isolates Cal-D-T, La-S-S, and 

Gol“FC2-T gave consistently high indices in both soil and sand cul- 
ture. The reaction of the solutions siphoned from the pans was approx- 
imately pH 7.3. There was no significant differehce between the 
reaction of solutions from pans inoculated with the various isolates. 
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Table l2.~Readion of onion varieties to isolates of Pyrenochaeta terresiris, series 3 ' 


Disease index of isolate indicated 


Variety 

4 

O 

m 

CO 

1 

3 

4 

5 

d 

C 0 I-FC 2 -T 1 

w 

C3 

il 

03 

5 

1 Mass-T 

fr 

1 

k 

pJ 

Variety mean 

1 

Yellow Bcrmuda-2 

95 

90 

63 

30 

UK) 

80 

40 

60 

7:} 

65 

58. 0 

White Sweet S[)anislK2-— _ 

94 

. 93 

70 

50 

100 

80 

60 

65 

()5 

48 

61.3 

White. Sweet Spauish-iL 

96 

96 

93 

65 

100 

85 

65 

95 

99 

85 

82. 3 

Sweet Spanish-2 . 

99 

100 

85 

55 

UK) 

89 

75 

90 

88 

80 

79. 5 

California Early Red 

10(1 

95 

95 

75 

100 

73 

93 

70 

75 

65 

75.2 

Crystal W^ax : 

98 

93 

83 

55 

100 

86 

65 

83 

7 :) 

60 

70. 3 

Australian Brown-2 

100 

90 ; 

SO 

60 

100 

80 1 

(K) 

60 

70 

6t) 

70. 0 

Lord Howe Island- 

99 

100 

83 

55 

100 

92 1 

75 

7l) 

65 

70 

71. 2 

Southport Red Globe 

98 

99 

75 

55 

100 

88 

85 

68 

SO 

63 

73.2 

Yellow Globe Dauvers-3. -. 

100 

100 

80 

60 : 

100 

90 

85 

75 

63 

75 

74.7 

Ebt‘nezer-2 

100 

100 

83 

50 

100 

91 

91) 

78 

75 

65 

74. S 

White Babosa 

100 

100 

9t) 

55 

100 

95 

SO 

80 

85 

65 

76. 7 

Early Y''eliow Glohe-2 

100 

100 

83 

55 

100 

94 

98 

88 

80 

70 

80.8 

White Grano - 

UK) 

100 

83 

70 

100 

92 

95 

80 

83 

73 

'82. 2 

White Portugal 

100 

98 

90 

75 

100 

90 

90 

95 

95 

80 

87.5 

Crystal Grano 

100 

UK) 

100 

80 

lot) 

94 

U)0 

99 

99 

93 

94. 2 

Isolate mean — 

98.7 

97.1 

83.5 

59. 1 

100.0 

87.4 

80. 4 

78. 5 

79.3 

6th 8 

— 


1 Disease-index values for isolatOvS Cal-D-T, La-S-S, Ill-T, and Col-FC2~T not used in the (leterniination 
of variety means and in the statistical analysis. 

2 Least significant difference: B-percent 1 -percent 

level level 


Varieti(3S., - 5.9 V. 8 

Isolates,--, - 3.6 ' 4.8 

Varieties X isolates - 20.5 26.9 

Within varieties or isolates.- — 14.5 19.1 


Table 13 . — Disease indices in unsterilized soil and in sand inocidated with various 
isolates of Pyrenochaeta ierrestris 


Disease index in series and substrate indicated 


Isolate 

Series 1 

Series 2 

Series 3 

Sand 

Soil 

Sand 

Soil 

Sand 

Soil 

Cul-D-T._ 

95 

90 

99 

88 

99 

78 

Utah-T - - 

86 

10 

84 

25 

80 

0 

IlHIL — - — 

89 

70 

90 

55 

84 

5 

Wis-M-T,--, 

69 

60 

90 

80 

79 

10 

Wis-R-T ■ - 

58 

66 

88 

(K) 

70 

40 

•Mass-T 

49 

60 

75 

30 

80 

10 

•La-S 

88 

65 





La~S~S. 



100 

101 ) 

97 

80 

Coi-EOl-T 

■ . 52- 

90 

O 0 KFG 2 -T.- - . 



160 

100 

100 

95 

TexH-S - 

81 

26 

75 

60 


Tax“ 2 -S 




59 

'/ j 

lowa-S — 

87 

35 



87 

5 

lowa-l-’T — 



72, 

50 








DISCUSSION 

One of the objects of the present investigation was to develop a 
standardized technique whereby large numbers of individual onion 
plants could be tested for their resistance or susceptibility to iPyrerw- 
chaeta ierrestris. The experimental results show that higlily uniform 
and reproducible results can be obtained by using inoc.ulal,o<l white 
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€|iiartz sand as a substrate, in which the complex introduced by soil 
flora and other soil factors is removed. By the use of Yellow Bermuda, 
the most resistant variety in field tests, as a standard, it was demon- 
strated that an index of resistance could be obtained on seedlings in 
about 28 days. The expression of resistance, however, was influ- 
enced by a number of environmental factors; in fact conditions were 
creattHi in which Yellow Bermuda was completely killed. The 
severity of disease, as measured by the index described, increased up 
to a certain point with increase in concentration of inoculuin and in 
the temperature maintained in the sand. Isolates from various 
parts of the United States and those from wntliin a given area varied 
in degree of virulence. In general, isolates carried in culture by mass 
transfer maintained about the same degree of virulence over a period 
of 18 months; there was little indication that they differed greatly in 
their selective pathogenicity to the varieties studied. 

Twenty- three standard varieties were tested by mixing 100 cc. of 
standardized inoculum with 10 kg. of sand and growing seedlings 
therein for 28 days. All seedlings, even those of the Yellow Bermuda--2, 
were killed promptly by the most virulent isolate (Col~FC2-T, 
table 12). When isolates of intermediate virulence (Utah— T and 
/Ill-T, table 12) were used a large percentage of the Yellow Bermuda-2 
X>lants survived, but all plants of Crystal Grano, the most susceptible 
vaH|-ty, siiccum.bed. Under the controlled conditions just described 
an is^ate of intermediate virulence was used satisfactorily to screen 
severar\|iundred breeding progenies from which the most resistant 
segregated had to be selected. Obviously an extrem.ely virulent 
pathogen might have been selected as a standard, and the rate of 
disease development might have been retarded by reducing the con- 
centration of the inoculum or the sand temperature or both to provide 
conditions under Which a certain percentage of the Yellow Bermuda 
standard would sur^ve. The point emphasized here is that by using 
the results of this instigation it was possible to set up a standard 
test in which environm^t and virulence of pathogen were controlled 
to the point at which screening tests from month to month and year 
to year were reasonably comparable ; such a test could not be developed 
in ihe field. 

SUMMARY 

A large number of isolates of the pink root fungus {Pyrenochmta 
ierrestris) from various parts of the United States were assembled and 
studied. , ■ ^ 

The optimum temperature for growth of the various isolates was 
24° or 28° C. There were marked differences in rate of growth 
between isolates, especially at 28°. They grew well at all hydrogen- 
ion levels tested within the range pH 4 to 8. The isolates, even 
those from the same section, were found to differ widely in patho- 
genicity. 

Maximum pink root development in sand culture occurred at 28° 
C. Disease development in sand cultures to which the nutrient 
solutions were added by the use of a drip system was not affected 
by a change in pH within the range pH 4 to 8. 
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A pan, sand-cultiire method was developed. By the use of stand- 
ardized inoculation procedure and controlled environment uniform 
infection of large numbers of seedlings could be obtained. By this 
method a survey was made of the resistance of 23 commercial varieties 
of onion to various isolates of Pyrenochaeta 

separated areas. Yellow Bermuda and Beltsville Bunching were 
the most resistant varieties tested. Excel, a selection from Yellow 
Bermuda, approached but did not equal Yellow Bermiida in resistance. 
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BACTERIOLOGICAL CHANGES DURING THE FERMEN- 
TATION OF STEAMED POTATOES FOR SILAGE* 


By John L. Etchells, bacteriologist, Agricultural Chemical Research Division, 
Bureau of Agricultural and Industrial Chemistry, Agricultural Research Adininis- 
t ration, United States Department of Agriculture, and Ivan D. Jones, research pro- 
fessor of horticulhire, North Carolina AgricidBiral Experiment Station ^ 

INTRODUCTION 

During tlie summer of 1944 the War Food Administration sponsored 
experimental work at a number of State agricultural experiment sta- 
tions on the utilization of surplus potatoes {Solarium tuberosum L.) for 
stock feed. The use of the surplus in the form of silage for livestock was 
stressed, and general recommendations as to the procedures to be fol- 
lowed were given. It was stated that the best method was that of 
steaming and ensiling in pits. 

The experimental studies at the North Carolina station were based 
on three carloads of potatoes and involved the cooperative efforts of 
several departments (Agricultural Engineering, Animal Industry, and 
Horticulture) as well as the JIureau of Agricultural and Industrial 
Chemistry of the United States Department of Agriculture. The joint 
work was planned to cover two general phases, namely, bacteriological 
and chemical changes during the fermentation and feeding trials on the 
ensiled material. 

This report deals with the principal bacteriological changes occurring 
during the fermentation of the steamed potatoes. Such studies are of 
considerable interest in view of the nature of the preparation of this 
type of silage which calls for steaming the potatoes until cooked and 
promptly ensiling (while hot) relatively large tonnages in pits. Such 
a procedure would naturally introduce the question of the effect of pro- 
longed high temperature upon the micro-organisms associated with 
normal silage fermentations, especially the lactic acid bacteria (of the 
Lactobacillus genus) and other non-heat-resistant types, such as the 
yeasts and coliforms. While the preparation and use, of steamed po- 
tato silage has been the siibject of investigation for many years, prin- 
cipally abroad, the bacteriological changes have not been clearly indi- 
cated.' 


1 Received for publication August 15, 1947. Contribution No. 158 from the 
Agricultural Chemical Research Division and paper No. 205 of the Journal Series 
of the North Carolina Agricultural Experiment Station. 

^ The writers wish to express their thanks to the War Food Administration for 
furnishing the potatoes used in the experiments, and to C. Hillman Moody, admin- 
istrator of the War Food Administration for North Carolina, for his cooperation 
and interest in the work. 

3 Bhandt, K., and Khaemer, J. recommendations for utilization op sur- 
plus POTATOES BY STEAMING AND ENSILING. 10 pp., 1944. [Mimeographed.l 
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PROCEDURE 

Forty “five tons of U. S. No. 1, size B, potatoes were available for the 
work. The potatoes were shipped in carload lots from the eastern part 
of North Carolina and arrived in good condition. No attempt was 
made to remove the few rotten potatoes occasionally found. Thirty 
tons were used for the steamed-silage study and 15 tons were ensiled 
raw. Only the work on the steamed silage is discussed in this paper. 
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EXPERIMENTAL SILO 

The experimental trench silo used was one of two constructed at the 
Central Experiment Station farm near the college. These silos had 
approximately the following dimensions: 6 feet deep; 8 feet wide at the 
bottom, 11 >2 feet wide at the top; and 25 feet long. They had concrete 
floors and plastered concrete walls 3 to 4 inches thick, reinforced wdth 
wire fencing. The ends were closed by the use of 2- X 6-inch planks, 
supported by 4- X 4-inch posts. Both silos were provided with covers 
and were constructed in a hillside to provide natural drainage (fig. 1 , ^). 

STEAMING OPERATION 

The potatoes were steamed on July 10 and 11 at the college, two 
steel-bodied dump trucks being used. These trucks had a capacity of 
from 1 K to 2 tons of raw potatoes. On the bottom of each truck body 
was fastened a steam rake consisting of four parallel lengths of perfo- 
rated K-inch pipe connected to a horizontal cross member to which a 
vertical inlet was attached. The rake was connected to the steam line 
by means of a steam hose and pipe. The steam pressure was 120 pounds 
per square inch. 

The potatoes were dumped into the trucks directly from the railroad 
cars, covered with heavy tarpaulins, and steamed until cooked through- 
out (fig. 1, B and D), This required from % to 1 hour with the equip- 
ment used. The potatoes were kept covered and taken immediately to 
the trench silo (about a 10-minute trip) and dumped (fig. 1,0). In this 
manner, the 30 tons of potatoes were handled in about 12 working 
hours, using two trucks and two sources of steam. 

FILLING THE SILO 

The potatoes were dumped into the silo at three locations along one 
side. When all the steamed potatoes were in the trench, they were lev- 
eled ofl^ and covered with lapped strips of heavy tar-paper roofing (fig. 
1, E). The mass was packed by carefully tamping the simface of the 
paper. A scant 4-inch layer of soil was then added for weighting and 
sealing. The 30 tons of steamed potatoes filled the trench to a depth of 
3)^ to 4 feet. About 30 hours after the first load had been steamed and 
dumped and about 6 hours after the last load had been put in the silo 
the teinperature at the approximate center of the mass was in the range 
of t60*“164° P. Subsequent temperature readings were taken at two 


Figitbe 1.— Ensiling steamed potatoes. Experimental trench silo with three- 

piece cover, one of which (background) has been removed preparatory to dump- 
ing in the potatoes. B, Steaming the covered potatoes in a metal-bodied dump 
truck, O, Bumping the steamed potatoes in the front (north) section of the 
trench. Z), Steamed potatoes in the trench before leveling and covering; con- 
sistency of potatoes at this stage shown in area struck by the shovel. E, The 
filled trench at the time of the leveling and covering operation; the dial thermom- 
eter (right foreground) read approximately 160° F. at the conclusion of filling 
and covering. F, Sampling: A core of the top layer of surface potatoes removed 
with a petri-dish can (left) prior to taking the bacteriological sample with the 
smaller pipette can (right), (r, Part of the end (south) section of the ensiled 
potatoes opened after 8 months^ storage; the potatoes form a tightly packed mass 
beneath the light-colored soil layer. H, Close-up of ensiled potatoes after cut- 
ting through a small area near the top; cavities represent areas where individual 
potatoes fell away. 
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locations at about mid-deptli in the mass. A copper-constantan tlier- 
niocouple was placed at one location and the bulb of a vapor-actuated 
dial thermometer at the other. 

SAMPLING TECHNIQUE 

Samples were taken for bacteriological and chemical examination 
in the following manner: First, the soil was carefully removed from, an 
area of tar-paper roofing (about 18 inches square) with a garden hoe, 
and the surface was brushed clean with a whisk broom. Then a U- 
shaped cut (8-10 inches on a side) wras made in the paper and the flap 
was turned back. A sterile, copper petri-dish can (4^^ inches in diam- 
eter and 8 j 4 inches long) was inverted and pushed vertically into the 
mass, and an 8-inch core of the top layer of potatoes was thus removed 
and discarded (fig. 1, F). The actual sample was obtained by removing 
aaecond core of potatoes with a sterile, copper pipette can (2 inches in 
diameter and 12 inches long) starting from the center of the surface 
left by the first cut. This gave about a ll(>-pound sample from the cen- 
tral layer about 1 to 2 feet beneath the surface. The temperature of 
each sample area was taken by means of a inaximum-indicating ther- 
mometer inserted into the wail of the cut at the time the sample was 
removed. After the sample w^as taken, the potatoes from the dis- 
carded core were tamped back into the hole. The tar-paper flap was 
then folded back in place and a new square of tar-paper larger than the 
opening w^as placed over the surface and covered with soil, after which 
the location was recorded. The sampling was restricted to about one- 
half of the total silo (fig. 2). This section was found to be the hottest 

EAST WALL , 



WEST WALL 


Figitku 2, — Diagram representing top surface of the trench silo and indicating 
the comparative location of points at which core samples were taken for anal- 
ysis. T> marks location of the dial-type thermometer and Tj the location of 
the thermocouple; the numbers indicate the age of the fermentation in days 
at each sampling. 

after the filling operation was complete. Difference in temperature in 
opposite end portions of the ensiled mass was to he expected because of 
the naethod of filling the silo. This resulted in the space at the lower end 
of the silo being filled with cooler material, particularly after leveling. 

MEDIA AND METHODS 

After the sample was collected, it was taken promptly to the labo- 
ratory for analysis. Fifty grams of the potato mass was finely cut with 
a sterile spatula into a glass-top mason jar containing 450 * grams of 
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sterile saline. The 1:10 mixture was shaken 100 times by hand prior 
to making suitable dilutions for use with solid and liquid media. Du- 
plicate tests on 50-gram subsamples were run at each sampling interval. 
The remainder of the potato sample was reserved for chemical analysis 
by sealing it in glass jars and storing in a freezing cabinet. The major 
chemical changes occuring during the fermentation are not given in 
this report, but the titratable acidity and pH values, based on exami- 
nation of the 1:10 dilution used for bacteriological analysis, are included. 

Bacteriological examination of the silage was made for various meso- 
philic and thermophilic groups of micro-organisms. These are listed in 
table 1 together with the liquid or solid medium used and reference to 
the general procedure followed. For the most part, the procedures for 
the mesophiles have been successfully used by the authors for a number 
ol years in connection with brined vegetable and sweetpotato-vine- 
silage fermentations (5, 6y 7, 8, 9, 10)} The methods of examination 
for the thermophilic groups are essentially those developed in the labo- 
ratories of the National Canners Association (^, 4)- It should be men- 
tioned that in examinations for viable aerobic {IS) and anaerobic spore- 
forms (5) by use of the media indicated, a boiled sample (2 minutes) of 
the 1:10 silage dilution was used which had been previously neutralized 
with sterile calcium carbonate. The same was true for the H 2 S-pro- 
ducing thermophilic anaerobes. The counts for facultative thermophilic 
anaerobes are based on colonies resulting both from viable cells and 
spores from unboiled samples. 


Table 1. — Estimates of micro-organisms on potatoes {U, S. No. /, B size) before 
and after steaming for silage 


Microbial group 

Culture medium used and 

Count per milliliter of 
wash water • 

l)rocedure reference 

Baw 

potatoes 

Steamed 
potatoes ^ 

Mesophiles (35° C, incubation): 

Total counts., 

Nutritive caseinate agar-f BCP 
plates ao, 7). 

Nutritive caseinate agar-j-BCP; plates 
{10. 7). 

Brilliant green agar; plates {8, 9.6) 

86, 000, 000 

2(K) 

Lactic acid haetoria - 

40 

0 

Coliform group 

25, 0(X), (KK) 

0 

Yeasts ... 

Acidified dextrose agar; plates (.5, /O).. 

150, 000 

0 

Molds 

Acidified dextrose agar; plates (J, 10).. \ 

160, (DO 

0 

A er obic spore count 

Anaerobic spore count ® 

Nutritive casemate agar+BC P; plates 

im. 

Liver broth-j-particles; tubes (6) 

22, (DO 

100 

1(D 

10 

Therinophiles (55° incubation): 

Facultative anaerobes.. 

Dextrose tryptone agar+BCP; plates 

3,600 

40 

Non-HsS-producing anaerobes 

(3). 

Liver broth+particles; tubes . 

10 

10 

HaS-producing anaerobes ... 

Sulfite agar; tubes (4).. 

10 

10 


1 4fi0 grams of whole potatoes plus 450 grams of sterile saline shaken 100 timevS. 

2 Taken from a 1- to 1 H-ton lot steamed 45 minutes to 1 hour in a steel-bodied dump truck covered with a 
heavy tarpaulin; steam pressure at the source was 120 pounds per square inch. 

^ Bromcresol purple; 0.04 gram per liter. 

< Not detected because of predominance of and overgrowth by alkaline and coliform types. 

» Includes putrefactive types as well as true butyric types of gas-form Lug, obligate anaerobes. 


^ Italic BumberB in parentheses refer to Literature Cited, p. 31. 
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MICROSCOPIC COUNTS 

At each saiiipling interval, 0.01 -milliliter portions of the original 1 : 10 
silage dilutions were placed in sequence on duplicate slides for micro- 
scopic counting. The smears were prepared and counted according to 
the method of Wang a modification of the Breed (2) techniqiu\ 
Giie set of slides was stained with the Kopeloff and Cohen (11) modifi- 
cation of the Gram stain, and the number of individual Gram-positive 
cells in 100 fields per smear was determined. For the other set, the 
Schaeffer and Fulton modification (12) of the Wirtz (15) spore stain 
was used, and the number of individual spores in 100 fields per smear was 
noted. The microscopic counts for both cells and spores are reported 
in terms of millions per gram of silage. 

TITRATABLE ACIDITY AND pH 

As mentioned previously, titratable acidity and pH determinations 
were made on the original 1:10 dilution of the silage used for bacte- 
riological purposes The pH determinations were made with the glass 
electrode. Titratable acidity was run on 10-milliliter aliquots of the 
1:10 dilution (after allowing it to stand 1 to 2 hours) by titrating with 
0.111 N NaOH using phenolphthalein as the indicator. The values 
were calculated in terms of grams lactic acid per 100 grams of potato 
silage. These determinations were made on the 1:10 dilution for the 
purpose of having available, at the time of plating, a reasonably 
clear picture of the progress of acid production during the fermentation. 

RESULTS 

EFFECT OF STEAMING ON SURFACE ORGANISMS 

At the time the steaming operation was going on, an attempt was 
made to obtain an estimate of the relative number of different groups 
of organisms occurring on the surface of the uncut potatoes both before 
and after steaming. The results are given in table 1. It is (vident 
that the steaming procedure greatly i-educed the larg(' numfxu- of 
surface organisms. The relatively few that survived wcu'c^ the lu^at- 
resistant, spore-forming types. As far as could be dcd-ermincxl, th(‘ 
usual types of organisms associated with normal silage hnancTi tations 
(i. e., lactic acid bacteria, yeasts, and coliforms) did not siirvive the 
heating. Although the initial count of the facultative anaerobic 
thermophiles was small in comparison with the total number of 
organisms present on the raw potatoes, the proportion of the ther- 
mophiles surviving the steaming operation was much greater. This 
is of considei*able importance in view of their role in the siibsequent 
fermentation of the ensiled potatoes. 

TEMPERATURE CHANGES DURING fermentation OF SILAGE ^ ^ ^ ^ 

After the initial steaming operation, the surviving miero-orgamsms 
on the potatoes were subjected to further prolonged exposure to 
rather high temperatures during the time required for the hot mass 
Jo cool in the silo. Progressive temperature changes based on read- 
ings made repeatedly at two locations (fig. 2) in the silo are shown 
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in table 2. The location of each individual area sampled and the 
temperature of that particular area at the time of sampling are also 
presented. ^ In general, the temperature of the mass 2 days after en- 
siling was in the range of 160° F. Furthermore, it remained above 
120° for about the first 12 days and above 100° for the first 3 weeks. 
The dial thermometer location shows higher temperature readings 
during the first few days and lower readings after 12 days than the 
thermocouple location. This is accounted for by the fact that the 
thermometer w^as located where the steamed potatoes were dumped, 
which was the hottest area. However, it was also closer to the front 
and side walls, and therefore cooled faster than the more central 
location occupied by the thermocouple. 


Table 2. — -Ternperalure changes during the fermentation of steamed potato silage 


Date (1944) 

Age 

1 

Distance of area 
sampled from— 

Temperature record 

North 

wall 

West 

wall 

Sample 

area 

Dial 
ther- 
mom- 
eter J 

Thermo- 
couple 2 

Atmos- 

phere 


Days 

Inches 

Inches 

° F. 

° F, 

0 

® F. 

July 11, 8 p. m 

1 1 





ioo 

S2 

12 ; 2:30 p. Ill 

0 1 




104 

158 

91 

13, 8 a. m.. 

i 3 ! 

24 

52 

162 

159 

152 

81 

15, 2:30 p. m 

1 5 

12 

46 

130 

145 

140 

86 

18, 2:30 p. Ill 

8 

46 

38 

132 

131 

132 

77 

20, 1:30 p. m . .... 

10 

76 

46 

120 

124 

127 

90 

22, 2:30 p. m.... 

12 

102 

51 

122 

118 

122 

82 

20, 1:30 p. in 

10 

52 

42 

108 

lOS 1 

114 

96 

31,2p. m 

21 

82 

76 

104 

101 i 

108 

87 

Aug, 4, 1:30 p. m 

25 

130 

51 

100 

95 

103 

94 

8, 1:30 p. m. 

29 

80 

72 

100 

92 

100 

70 

12, 10 a. m 

33 

54 

58 

90 

<K) 

97 

85 

10, 10 a. m 

37 

87 

36 

92 

89 

95 

84 

21, 10 a. m 

42 

70 

92 

90 

85 

92 

81 

29, 11 a. m...... ! 

50 

16 

92 

89 

85 

88 

' 78 

Sept. 14, 11 a. m .... 

06 

US 

42 

84 

82 

84 

80 

Nov. 11, 2 p. m.... 

' 1 

124 

60 

64 


65 

07 

64 


* Located 33 inches from the north wall and 33 inches from the west wall. 
2 Located 70 inches from the north wall and 60 inches from the west wall. 


POPUI.ATION OF MICRO-ORGANISMS DURING FERMENTATION OF SILAGE 

The results of the bacteriological examination for the presence of 
various types of organisms during the silage fermentation are shown 
in table 3. Changes in acidity and pH of the ensiled potatoes as well 
as the approximate temperature of the core sample at each sampling 
interval are also given. The data indicate that the coliforms, yeasts, 
and lactic acid bacteria, groups usually associated with normal silage 
fermentation, did not contribute to the fermentation of this type of 
silage. This would seem reasonable as these groups are not heat- 
rc'sistant and there was no evidence that they survived the steaming 
operation. Even if some few individual cells from these groups had 
survived the cooking, and some had been added during the fQling 
operation, it is doubtful whether they would have withstood the 
elevated temperatures of the silage during the first 12 days. 



ThermophiJes (55° C.), count per gram Mesophiles (35° C.), count per gram Microscopic count- 
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6 Total count at 55° C. was 24 million per gram, using nutritive caseinate agar. 
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Examination of the silage with respect to certain of the anaerobic 
spoilage groups of bacteria, namely, the non-H 2 S- and the H 2 S»produc- 
mg thermophiles, showed the fomier group to be present only in rela- 
tively small numbers on several occasions. The latter group appeared 
to be absent or was present to the extent of less than 10 per gram at 
the six times when examinations were made. Active growth by these 
two groups, if present, would have been expected during the 12-day 
interval when the potatoes were at or near the optimum range for ther- 
mophilic growth. Essentially the same results were obtained for the 
putrefactive anaerobes (mesophiles) including the true butyric and 
butylic types of gas-forming, obligate anaerobes. Here positive indi- 
cation of the presence of spores was noted in only 5 of the 15 periodic 
samples and then only in relatively low numbers. The temperature of 
the potatoes during the first 12 days would be considered too high for 
growth of this group of anaerobes. After that time the reaction of the 
silage (about pH 4.5) would be unsuitable for growth. However, the 
test for growth of spore forms from boiled samples for certain members 
of this group of organisms is not necessarily a reliable index to their pre- 
vious activity. Spore formation may be negligible prior to inhibition 
or death of the vegetative cells because of acid production in the pres- 
ence of a readily fermentable carbohydrate. Nevertheless, active 
growth by these organisms in the silage would be associated with a 
malodorous fermentation. This condition was not found. 

PREDOMINATING GROUPS OF MICRO-ORGANISMS 

The previous discussion has dealt with several of the groups of micro- 
organisms, both thermophilic and mesophilic, that appeared either in- 
active or absent during the fermentation proper. Further consider- 
ation of the bacteriological data in table 3 indicates that the thermo- 
philic, facultative anaerobes were the predominating organisms during 
the fermentation and were responsible for the developed acidity and 
resultant decrease in pH of the ensiled mass. It will be noted that this 
group started activity rather soon after the potatoes were ensiled and 
for the most part showed populations in the millions per gram not only 
duringAhe period when the mass was at elevated temperatures (120°- 
160° F.) but also when it was below the optimum temperature range 
for obligate thermophiles. The wide range of temperature tolerance 
accounts for the presence of rather similar plate counts obtained for 
this gmup listed in table 3 as mesophiles incubated at 35° C. (using 
nutritive caseinate agar). However, the 55° C. plate counts for the 
first three sampling periods, during the very early phase of the fermen- 
tation, indicate principally obligate thermophiles involved since com- 
paratively few colonies were noted on the 35° C. plates at the same 
period. The facultative relationship toward temperature of the pre- 
dominting types, after active fermentation was under way, was further 
demonstrated by the fact that, when the principal colonies from the 
55° C, routine plates were transferred into liver broth and incubated 
at 35° C., growth occurred. The same was true for those picked from 
the 35° plates and incubated at 55°. Hence, so far as could be deter- 
mined from the limited number of samples taken from the trench dur- 
ing the active acid fermentation, the predominating groups that grew 
out at either incubation temperature (55° or 35°) were essentially the 
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same. There was one exception to this. In certain instances diiiiiig 
the routine examinations, one specific coloiiy type 
nutritive caseinate agar, but very poorly, if at all, at 5o on cit^trose 
tryptoiie agar. However, this was found to be a problem ol niimtjve 
requiremeiits concerning the two media used ratlier tlian tempeiatuie, 
as will be discussed later. 
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The routine plate counts during the fermentation period further 
showed that the major portion of the total count in most instances was 
composed of acid-forming colonies of the thermophilic^ facultative an- 
aerobic group. This was true for the plates incubated at either 35^ or 
55"^ G.^ These organisms brought about an acid fermentation that re- 
sulted in acidification of the ensiled mass and consequent preservation. 
The general course of acid development is shown by the lowering of the 
pH from about 5.5 at 3 days to about 3.95 at 50 days and thereafter 
until the conclusion of the sampling. During this period the titratable 
acidity increased from about 0.4 percent (calculated as lactic acid) to 
about 3.0 percent. The intensity of fermentation activity was not the 
same in all locations in the silo, as was indicated by the pH and titrat- 
able acidity values as well as by the irregular nature of some of the 
plate and spore counts. These counts did not always show typical, 
progressive populations. A greater lack of uniformity among samples 
would be expected in a more or less solid medium like the silage than 
in a fluid medium. 

MICROSCOPIC COUNTS 

The microscopic counts of individual Gram-positive cells give a 
reasonably good picture of the progress of the fermentation with respect 
to bacterial populations. In some ways it appep's to give a better in- 
sight into the nature of this type of fermentation than do the cultural 
methods. Since fermentation activity did not always progress at the 
same rate in all locations in the ensiled mass, the sequence of micro- 
scopic fields was selected principally on the basis of the stage of 
fermentation of individual silage samples and not with strict regard to 
fermentation age of the particular sample (fig. 3). 

The microscopic study revealed that the predominating flora was 
wholly Gram-positive and divided more or less into two morphological 
types; a short thick rod and a rather long rod of medium thickness (fig. 
3, G and D). There is a possibility that a third type occurred, a much 
smaller rod than the others. Both principal types tended to elongate 
and form long chains and filaments in the more acid samples taken 
during the latter part of the fermentation (fig. 3, <?). Predominating 
colonies picked from the routine platings likewise fell into the above 
morphological groups and showed the same tendency toward edongation 
in old cultures of broth media that had reached maximum acid pro- 
duction. 

Fkjure 3. -"-Photomicrographs of the predominating micro-organisms present dur- 
ing the acid fermentation of steamed potato silage. A11X170G. Blides used 
were ttiose prepared and stained for the microscopic cell counts of Gram-positive 
cells. A, B, Vegetative cells from samples taken during the early stage (10 and 
16 days) of fermentation; dark area in background of B is a particle of steamed 
potato tissue. C, D, Samples taken at 33 and 50 days; both showing active acid 
fermentation with large populations of short, thick vegetative rods and a few’' of 
the more slender types. E, F, Samples taken at 21 and 42 days showing more 
advanced stage of fermentation and evidence of active spore formation; note 
clostridial forrh (F, a) and free, oval type spores (F, a) . The background in each 
case (F, F) is composed of indistinct dead cells. (?, Elongated cell type that pre- 
dominated during the latter part of the fermentation; note definite sw’ollen con- 
dition of one end (a) of the cell. Such cells gave rise to small spherical spores 
rather than to the large oval types shown in F, a. //, Mass of entangled vege- 
tative cells at the edge of a particle Of potato tissue; growth appears to channel 
into the tissue (at right); silage sample 42 days old. 
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The spore counts reveal that active spore formation took place dur- 
ing the fermentation, which would suggest that the principal organisms 
involved were sporulatiiig types. This view gains further support from 
the fact that all principal colonies isolated from routine plates proved 
to be Gram-positive spore formers. This is not surprising in view of 
the d(?gree of heat resistance requhed by any group surviving both the 
steaming operation and the period of elevated temperature of the mass 
during the first 12 days in the silo. The counts further showed that the 
individual spores fell into two general classes, those that were spherical, 
and those that were oval (fig. 3, F). There seemed to be at least two 
distinct sizes of oval spores. The majority of the spores counted were 
free from the cells. 

CLASSIFICATION OF THE PREDOMINATING GROUP 

During the active fermentation period, a number of isolates repre- 
sentative of each predominating colonial type wei‘e made from the dex- 
trose tryptone agar and nutritive caseinate agar routine plates. Thus 
far sufficient work has not been done to assure identification other than 
classification wi thin the geiim Bacillus (Cohn) as thermophiles in group 
X, as listed by Bergey et al. (1). Furthermore, they are nongas- 
producing, spore-bearing, acid-producing rods, which are facultative 
with respect to oxygtm and temperature requirements. One culture 
in particular is of interest in that it does not appear to ferment dextrose 
broth or give visible growth on dextrose or plain agar slants at either 
35° or 55° C. However, excellent growth and acid production are 
obtained in liver broth and in liver agar stabs at both of these tempera- 
tures. 

In general, liver broth and liver agar were more satisfactory than 
other media for the cultivation of the cultures isolated from the fer- 
mentation. Also, during the latter part of the routine platings, plain 
liver agar was used in conjunction with the routine media for 55° and 
35° C. counts with superior results. With the few trials that were 
made, liver agar plus bromcresol purple gave higher total counts, larger 
colonies, and faster growth than the routine media used in this study. 

QUALITY OF THE SILAGE 

At each sampling period the potatoes were examined to determine 
the general silage quality. The core samples were all judged good and 
had a chaimcteristic aromatic odor, and acid taste, and firm texture. 
The texture resembled that of a boiled potato when cold. The ensiled 
material formed a more or less solid mass of potatoes pressed tightly 
together and was free from channels and gas pockets (fig. 1, 0 and H) . 
It was not mushy, and no free liquid was present. The aromatic nature 
of the silage appeared to become stronger with the age of the sample 
and suggested the presence of a mixture of alcohols, organic acids, and 
esters. Furthermore, the older samples gave some indication of starch 
hydrolysis or other structural changes not present in those taken ear- 
lier. There was no appreciable color change of the potatoes resulting 
from the fermentation. The surface layer of potatoes, directly under- 
neath the paper covering was considered spoiled since it had an 
unpleasant odor and soft texture. 
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SUMMARY AND CONCLUSIONS 

The results of a bacteriological examination of the fermentation of 
hot|-ensiled steamed potatoes {Solansim tuberosum) have been pre- 
sented. The bacteriological findings indicated that the thermophilic, 
facultative anaerobes were the predominating micro-organisms during 
the fermentation and were responsible for the developed acidity and 
resultant preservation of the silage. They are considered to be iion- 
gas-prodiicing, acid-forming, spore-bearing rods, which are facultative 
with respect to oxygen and temperature requirements. These organ- 
isms may be classified according to Bergey et ah as thermophiles be- 
longing in group X of the genus Bacillus, 
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A CYTOGENETIC STUDY DEALING WITH THE TRANSFER 
OF GENES FROM TRITICUM TIMOPHEEVI TO COMMON 
WHEAT BY BACKCROSSING^ 

By R. W. Allard ^ 

Formerly research assistant ^ B^isconsin Agricultural Experiment Station 

INTRODUCTION 

Correlated genetic and cytological studies have onty infrequently 
accompanied the transfer of desirable genes from one species to 
another by means of repeated backcrossing. This paper describes 
such a study of the hybrid between Triiicum vulgar VilL (n==21) 
and Triticum t%mo^heevi7A\vlk. ( 97 ,== 14). 

REVIEW OF LITERATURE 

Triticum timojiheevi, a species endemic to the foothills of the 
Caucasian mountains, was first described as a variety of T. dicoccum 
Schrank. var. dicoccoides Korn, by Zhukovskii {37Y hi 1923. In 
1928 it was elevated to specific rank under the name T. timopheevi 
Zhuk, (38). Zhukovskii {38) and Sando (£9) have given detailed 
botanical descriptions of the species. 

The new species soon attracted considerable attention, not only 
because of its high disease resistance 05, 13, 17, 26, 28, 31) but also 
because of the report by Kihara and Lilienfeld {19) that it possessed 
a genome, designated GG, not previously known to occur in the wheat 
genus. Kostoff {20), however, regarded the second genome of 
'Triticum timopheevi as only a modification of the 55 genome of the 
emmer wheats and designated it 6^- Love {24) preferred to assign 
no distinctive formula for the species, stating that it differed from 
the other 28-chromosome wheats in degree of divergence only. 
Svetozarova {33) has since shown that 14 bivalents occur in the 
hybrid of T. timopheevi with T. armeniacum (Jacubz.) Makiish. 
('/i=14); presumably these species are more closely related to each 
other than to other 28-chromosome wheats. 

Triticum timopheevi has been demonstrated to be highly sterile in 
(‘rosses with all other species of wheat including T. armeniacum {17, 

1 Received for publication January 27, 1948. This work was supported in 
part by a grant from the Wisconsin Alumni Research Foundation and was 
cooperative between the Agronomy and Botany Departments, University of 
Wisconsin. Published as Journal Series paper 232 of the Department of 
Agronomy, Wisconsin Agricultural Experiment Station. 

2 The writer wishes to express his appreciation to Dr. R. G. Shaiids, Agronomy 
Department, University of Wisconsin, and United States Department of Agri- 
culture and to Dr. C. E. Allen, Botany Department, University of Wisconsin, 
for suggestions throughout the course of this investigation, 

3 priority of Triticum L. for the name of the species more com- 
monly known as is recognized. Because the latter name is in general 

use by agronomists the world over, preference is given to this form. 

4 Italic numbers in parentheses refer to Literature Cited, p. 62. 
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19^ 20 y 28 y Sly SS). Despite this sterility some of its disease resistance 
was transferred to common wheat by -Pndham {28), He was able 
to select fertile lines resistant to stem and leaf rusts and of fair agro- 
nomic type by the generation. Shands {21) obtained fertile stem- 
and leaf-rust-resistant lines with 21 pahs of clrromosomes following 
one backcross to T, vulgare (the male parent) and 5 generations of 
selfing. 

A general re\dew of the cytology of interspecific wheat hybrids has 
been given by Aase {!). Worthy of special mention was the demon- 
stration by Ivihara {18) that the parental chromosome numbers were 
regained during several generations of self-pollination of the moder- 
ately fertile pentaploid wheat hybrids. According to Kihara, two 
series were formed, an ascending series from which 42-chromosome 
plants resulted eventually, and a descending series which resulted in 
28-chi‘omosome plants. The ascending series was characterized by 
15 to 21 pairs of chromosomes with the sum of the bivalents and 
univalents numerically equal to 21. The descending series was 
characterized by 14 pairs plus 1 to 6 univalents, the univalents 
gradually being lost until a condition of 14 pairs was reached. Vulgare- 
like plants (ascending series) were much less frequent than emmer- 
like plants (descending series) ; this observation has since been volumin- 
ously confirmed (D, 12). Certain Nicotiana hybrids also conform 
to Kihara^s scheme, as shown by Lammerts {21). Despite the return 
to parental chromosome numbers meiotic instability may persist for 
many generations in derivatives from pentaploid wheat hybrids {2Sy 
25 y SO). 

!( In interspecific hybrids a greater proportion of female gametes 
I than male gametes are usually functional {14-, 21 y 34, SO), although 
I exceptions occur, as in certain Gossypium hybrids {8, 9, 10). When 
* pentaploid wheat hybrids are backcrossed to the common wheat 
parent, there is severe selection against male gametes with inter- 
mediate clhhmbs^^^^ numbers, but female gametes with 14 to 21 

' chromosomes function about ec^ually frequently {84, 38). Thus, in 
' (^lant hybrids, a striking difference frequently has been noted in the 
I, progenies derived from reciprocal backcrosses. 

Tlie backcross method has been used by several investigators to 
increase fruitfulness in the progenies of interspecific hybrids. Three 
or four backcrosses have usually been sufficient to restore apparently 
complete fertility in several higldy sterile hybrids {4, 8, 9, 10, 14, 15, 
:S2). . . ^ ' 

There is rather general agreement concerning the number of back- 
crosses necessary to recover the type of the recurrent parent. Har- 
land and Atteck (fO), working with interspecific Gossypium hybrids, 
reported that ‘^generally speaking from the results of all the back- 
crossing experiments, it appears to be unnecessary to carry the back- 
crossing beyond the fourth or at most the fifth backcross, as the 
heterozygote is by then stabilized on the new genetical background. 
Holmes (fd) reached essentially the same conclusion in work with 
interspecific tobacco hybrids. The most extensive investigations of 
intraspecific backcrosses are those of Briggs {S), whose work with 
small grains indicated that after three or four successive backcrosses 
the derivative populations had become so nearly like the recurrent 
parent that selection for characters other than the one being trans- 
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f erred was not effective. Six backcrosses were regarded as necessary ^ 
liowever^ to recover the recurrent parent in close detail. 

MATERIAL AND METHODS 

The strain of TriMmm iimopheevi used in this investigation was 
brought to the United States by Dickson ^ as P. I. ® 94761. An un- 
named spring wheat selection out of the hybrid Illinois No. IX 
Chinese, designated as 2666A2-2~15-6-3 by the Wisconsin Agricul- 
tural Expeiiinent Station, was used as the common wheat parent 
because it was known to function better than several other varieties 
in hybrids with T, timopheevi. The parents will hereafter be desig- 
nated vulgare and tirnopheevi. 

In making crosses, spikelets at the two or three top and bottom 
nodes of the spike, and all but the first two florets of the remaining 
spikelets, were removed. The remaining florets were emasculated, 
protected with a glassine bag, and pollinated 1 to 3 days later. 

Seed set was determined by calculating the percentage of pollinated 
florets or first and second florets of central spikelets on open-polli- 
nated or selfed spikes that produced seeds. Self-pollination was en- 
forced by covering some spikes with glassine bags from 2 or 3 days 
before anthesis to maturity. Backcross fertility was calculated from 
not less than 40 florets and self-fertility or open-pollinated fertility 
from not less than 100 florets per plant. 

Using V and T to represent vulgare and tirnopheevi^ respectively, the 
following will outline the symbols used to designate hybrids, back- 
crosses, and the selfed generations therefrom. The seed parent is 
written first and the pollen parent second throughout. 


Origin : Designation 

F X T Fi. 

Fi hybrid allowed to opeii-pollinate F 2 (o. p.).'^ 

Fi hybrid protected from outcrossing, Fg. 

FX(FXT)_ V(VT). 

(F X T) X T (VT)T. 

(F X T) X F BCh 

f(F X T) X F] X F BCK 

FX [(FX T) X F] RBC^« 

F X (F X [(F X T) X U) RBCK 

BC^ protected from oiitcrossing„_.. BCrF 2 . 

BC^ allowed to open-pollinate- BC 1 F 2 (o. p.). 


Unless indicated by (o. p.), pollination was controlled in all cases. 

All cytological observations were made from acetocarmine smear 
preparaUons. Twenty-five pollen mother cells (P. M. C.) at ineta- 
phase of the first meiotic division were analyzed for pairing from each 
of the parental plants, from, the Ft, from V (VT) plants, and froni 40 
BC^ plants. In the remaining BC^ plants and in all other generations, 
only 10 P. M. C. per plant were analyzed. One-hundred microspores still 
in the form of quartets were examined in each plant to determine the 

® Dickson, J. G. ceeeal diseases studies in Europe and Asia. 1930. 
fUnpiiblished manuscript in the Uniyersity of Wisconsin library,] 

® P. I. refers to the accession number of the Division of Plant Exploration and 
Introduction, United States Department of Agriculture (formerly Foreign Plant 
Introduetiony. 

U(o. p.) stands for open-pollinated. 

® R stands for reciprocaL Superscript 2 is used to emphasize that this genera- 
tion received the same number of backcrosses to vulgare bs although only 
one of the two backcrosses was in the reciprocal direction 
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freqiieiicy of microniiclei. Microcytes were tabulated separately, but 
because of their sporadic occurrence were later included as microniiclei. 

The amount of good pollen was determined from anthers collected 
at aiithesis, fixed in Carnoy^s solution, and stained with acetocariiiine. 
Only those pollen grains were considered ^‘^good^' which possessed two 
gametes and a vegetative nucleus, the condition characteristic of the 
pollen of both parents. Estimates of the percentage of good pollen 
were based upon the examination of 200 pollen grains per plant. 

In order to obtain an unbiased sample of poUen mother cells, 
quartets of microspores, or pollen grains, all units were counted within 
random strips from, one side of the slide to the other. 

An attempt was made to obtain a random sample from each back- 
cross generation for morphological and cytological study by deter- 
mining by random methods before planting the plants to be studied. 
Not less than 20 hybrid plants were used as parents to provide as wide 
a base as possible for each backcross generation. Many families in 
excess of those studied cytologically or morphologically were growui 
in separate nurseries, and were useful for studies of disease resistance 
and for additional observations upon morphological characteristics. 

THE PARENTAL SPECIES 

Some contrasting characters of the comm.on wheat parent aiid 
hmopheevi are given in table 1. Spikes are illustrated in figure 1, 
A and It will subsequently be shown that both parents are fertile 
and cytologically regular. 

Table 1. — Expressions of certain, morphological characters observed in vulgare, 
timopheevi, and in the Fi hybrid 


Character 

Expression of— 

Vulgare 

Timopheevi 

hybrid 

Diseases: 

Stem rust- 

Bunt 

Susceptible. 

Susceptible- 

Kesistant 

do 

Nearly like tmopheevi. 
Susceptible. 

JVnidew 

Moderately suscep- 
tible. 

Fairly resistant 

. . do 

Leaf rust 

.... do 

M oderately susce 1 1 1 i bl(i . 

Likttirnopheevi. 

Do. 

Do. 

Do. 

Intorinediate in length 
and density, 

Awned. 

Like timopheevi. 

Do. 

Intermediate in length 
and density, 

. ''Do. ' ■ 

4.4 millimeters. 

Very late. 

Very short, mtermediate 
red. 

Very vigorous. 
Intermediate. 

(Uuiiie eharacters: 

Ad h(‘rLMK*e t o kernel 

Easily detached 

A t taehed tigh tly 

Keel 

Inconspicuous, 


vShouIder 


Narrow with pointed 
tooth. 

Beak 5 millimeters or 
less in length. 

Tip., . 

Beak 5 to 30 milli- 
meters, increasing 
to ward apex of spike. 
Absent 

Pubescence 

Other characters: 

Lemma--.-,.-, 

Awned-., 

■ 

Awned 

Rachis articulation 

Tough.. 

Moderately fragile 

Adherence of spikelet to 

Easily detached.. 

Tenacious,-, . , 

rachis. 

Leaf pubescence 

Absent. 

Long, dense 

Ciliation of leaf sheath 

do.- 

..—do., ,, , 

margin. 

Spike density 1 

5.3 millimeters... 

2.9 millimeters 

Maturity 

Midseason 

Late , 

Kernel type 

Ovate, red.,.,, 

Long, slender, light red. 

Vigorous 

Vigor...,,.. — 

Vigorous 

Straw.,,, 

Thick., 

Slender 

_ .. . _ 




1 Mean length of the lOcentral iuternodes of the spike. 




FicifRK 1. — Bpikca: A, v u Igare ptxrent; B, V (VT); C, vulgar e X timopheevi Fi; 
JJ, timopheevi Xvulgare Fi ; E, timopheevi parent. 


THE Fi GENEBATION 

Of 375 florets of imlgare that were pollinated with pollen of iime- 
pheeviy 75 percent set seed. This was comparable to the success of 
intervarietal crosses in vulgare made at the same time. The Fi kernels 
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were sliorter and smaller tlian selfed kernels of vulgare^ but bad plump 
endosperms; 89 percent germinated. Tlie reci mycal crop gave a 
slightly higher seed set. These kernels were b^Iy''3imS hoW” 
ever^ and only 4 of 79 germinated. The Fi plants of the reciprocal 
crosses were indistinguishable in appearance (fig. 1, 0 and Z)), cyto- 
logical beliavioi-j and fertility. 

The Fj hybrids were similar to timopheevi in some characters, but 
in most others they were intermediate between the parents (table 1). 
Except for reaction to bunt, no character of the imlga>re parent ap- 
peared to be governed by dominant genes. The Fi hybrids were large, 
sturdy, and tillered profusely. 

The 11 Fi plants examined cytologicall}^ each had 35 chromosomes 
(fig. 2, C). Microsporogenesis was similar to that observed by 
Kostoff (20), Love (24), and Pathak (27), and was in sharp contrast 
to the regular meiotic behavior of the parents (fig. 2, rl and i?, and 
table 2). The variability in pairing is readily noted from the range 
in the numbers of each type of association of chromosomes and also 
by the 42 difterent combinations of univalents, bivalents, trivalents, 
and multiple associations. When open and closed bivalents were 
considered to be different types of association, the numbers of asso- 
ciations exceeded 250 in the 275 pollen mother cells exainined. 


Table 2. — Meiotic behavior nf the pcLre7ital species^ the Fi hybrid^ and of the bach 
cross with the Fi as the pollen parent ^ 


Cytological character 

Vulgare 

Timoplieevi 

Fi hybrid 

V(VT) 

Niiinber of plants examined cyt(»logically - 

11 

8 

11 

11 

2// chromosome number. ~ 1 

42 

28 

35 

35 

Bivalents: 

Average--. 

20. 86 

14. 00 

8. 29 

9.03 

Range- 

19-21 

0 

4-13 

5-14 

Closed bivalents: 

Average 

19. 32 

12.74 

3. 22 

3.69 

Rangel 

14-21 

10-14 

0-7 

1-7 

Open bivalents: 

Average. 

1.54 

1. 26 

5. 07 

5. 34 
1-9 

Range 

0-7 

0-4 

1-9 

Univalents' 

Average 

0. 1(1 

0 

14. 79 

13. 89 

Range 

0-4 

0 

7-21 

7-21 

Tinali'iits 

Average..., 

0. 01 

0 

1. 04 

0. 89 

Hunge... __ 

0-1 

0 

0-4 

■ (,)-4 

0. 13 

Quadnvalerits: 

iVverage 

0. 01 

0 

0.13 

Range 

0-1 

0 

0-1 

0-1 

Quinquevalents: 

Average. 

0 

0 

0. 01 

(). 01 

Range... 

0 

0 

1 

(H 

O-l 

Number of different pairing arrangements.. 

4 

■ 42 

40 

Number of micronuciei per quartet; 

Average ' 

0. 16 

0. 04 

4. 98 

4. 89 

Range— 

0-6 

0-6 

0-12 

0-13 

Percent quartets with no micronuciei 

92 

98 

1.3 

1.0 

Percent good pollen 

84 

94 

1.7 

0. 8 

Seed set; 

0 pen-pollinated 

94 

97 

0. 6 

0. 1 

Backcross. 

5.35 

6.52 





1 See Materials and Methods for the numher of observations made per individual plant. 


® Open bivalents have one or more chiasmata confined to a single arm, abbrevi- 
ated IIg hereafter. Closed bivalents have one or more chiasmata in each arm, 
giving closed configurations, abbreviated lie. Univalents and trivalents are 
abbreviated I and III respectively. 
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Observations on serial sections of four megaspore motlier cells indi- 
cated that the chromosome behavior was similar in both megasporo- 
genesis and microsporogenesis. This agrees with the results of Wat- 
kins (35) based upon extensive studies of the hybrid Triticum mlgare 
X T. turgiclum. 



Ficure 2. — First meiotic metaphases: A, 14 lie in timopheevi; /?, 19 lie and 2 
IIo in mlgare, C, Fi hybrid showing 5 lie, 3 IIo, 16 I, and 1 III; D, BC^ P. M. C- 
with 10 lie, 5 IIo, 6 I, and 2 III; £7, BC^ P. M. C. with 14 lie, 3 IIo, and 6 I; 
F, BO P, M. C, with 18 lie and 3 I; <?, BC^ P. M. C. with 17 lie, 4 IIo, and 
1 1; H, EBC3 P. M. C. with 21 He; /, BC2F4 P. M. C. with 20 He and 1 Ilo. 
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Variability in pairing in the hybrid, known autosyndesis in vulgare, 
and lack of recognizable individuality of chromosomes complicate 
the estimation of iiomolog}^ between the chromosomes of the two 
species. The occurrence of an average of 3 closed pairs suggests that 
some chromosomes may be almost completely homologous. Since up 
to 13 (open and closed) pairs were observed, and if autosyiidesis was 
not occuiTing, it might be assumed that nearly all of the chromosomes 
, of fimopheevi have segments homologous to portions of viilgare chromo- 
^ somes. 

Incomplete pairing of chromosomes in species hybrids may be deter- 
mined by chromosome homology, environment, or possibly by genes. An 
analysis of meiotic behavior in Fi hybrid plants revealed no significant 



Figure 3. — A, Quartet of microspores with a single micron ucleus in each of two 
microspores. B, Pollen grains: a, Aborted and, 6, retarded pollen grains; c, a 
“good” pollen grain wutli two male gametes and a vegetative nucleus. 


differences in pairing between material collected at 11 different dates 
from plants grown in both the greenhouse and the field at Madison, 
Wis., in the period 1941 to 1943. This study has been reported in 
detail elsowhere,^^ Because the 11 dates included a wide range of con- 
ditions, it was concluded that environmental infiueiices did not con- 
tribute significantly to the differences in meiotic behavior observed. 
Since there is also no evidence that gene action is responsible for the 
incomplete pairing either in the Fj or later generations, mc omplete 
ho m^ology of chromosomes appear s the m.ost reasonable e^Snhtion. 
ITcTJrdmosbme^ in their bomologies with chrom.o- 

somes of mlgare, it would be expected that genes in the more homol- 
ogous chromosomes would be easier to transfer to common wheat. 

Irregular pairing at meiosis resulted in large numbers of laggards 
which frequently remained in the cytoplasm as micronuclei (table 2, 
fig. 3,^). 

. About 1 percent o f good pollen was found in a nt h ers of Fi h ybrids 
. ~~TEe remain der of the ]^TenV^as mostly com- 

Allard, E. W. a cytogenetic study gf the effect of backgrossing to 

COMMON WHEAT IN A HYBRID BETWEEN TRITICUM VULGARE VILL. AND TRITICUM 

ZHUK. 1946. [Unpublished Ph. D. thesis. Copy on file University 
of Wisconsin library, Madison.] 
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pletely empty (fig. 3, B, a), A small percentage of grains had some 
cytoplasm but only one or sometimes two or three nuclei (fig. 3, B, h). 

A seed set of 5.4 percent was obtained when pollen of vulgare was used 
on the Fj. Under open pollination approximately 0.6 percent of the 
florets set seed. When isolated in the gieenhouse or protected from 
out crosses in the field with glassine bags only 5 kernels were obtained 
from more than 10,000 florets, a seed set of less than 0.05 percent. 
Plants obtained from the kernels above are discussed under BC 1 F 2 
( 0 . p.), and F 2 generations, respectively. Kernels obtained from the 
backcross V(VT) are considered in the following section. 

THE BACKCROSS V(VT) 

The backcrosses were made in a greenhouse in which no timopheedi 
was growing, excluding the possibility that the seeds resulted from 
accidental crossing with that species. 

The pollination was performed by breaking open the leathery anthers 
of the Fi and brushing them upon the stigmas of inilgare. This 
laborious process resulted in 32 kernels from 1,370 florets. Three of 
these kernels resembled vulgare and produced plants of that type, 
probably the result of accidental selfing or outcrossing. The remote 
possibility exists, however, that pollen grains from Fi plants which 
had exactly the monoploid complement of vulgare effected pollination. 
Twenty-nine of the 32 kernels resembled Fi kernels in appearance. 
Of these, 25 germinated and produced mature plants which were 
morphologically indistinguishable from each other and from plants 
of the Fi generation (fig. 1,5). 

Eleven of the 25 backcrossed plants were examined cytologically 
and all were found to have 35 chromosomes (table 2). Conjugation 
was similar to that in Fi plants and they were also similar in frequency 
of microiiuclei, proportion of good pollen, and fertility (table 2). 
However, there was a significantly greater number of pairs and fewer 
univalents in the backcrossed population than in the Fi population.^ ^ 
This provides evidence that crossing-over had occurred between some 
chromosomes and that functional pollen of the Fi on the average 
possessed slightly more chromatin homologous to that of common 
wheat than did pollen of timopheevi. Alteration of chromosomes 
carried by functional Fi pollen was slight, however, and backcrosses 
in this direction were discontinued when it became evident that only 
slow progress in transferring genes of tiinopheevi to common wheat 
could be expected. 

THE BC^ GENERATION AND ITS DERIVATIVES 

MORPHOLOGICAL REGRESSION TOWARD THE RECURRENT PARENT 

The pollination of 5,425 flowers of Fi plants with pollen of 
resulted in 290 kernels, of which 119 germinated and produced mature 
plants. In contrast to the backcross V(VT), a wide range of segrega- 
tion occurred, all plants, however, varying about vulgare tjpQ 
(fig. 4, B-J5). With further backcrosses to the population 

assumed an even more vulgareAxk^ appearance (fig. 5, B-~D), A 
random group of several hundred plants from backcross and backcross 
derivative generations was classified for the morphological characters 

See footnote 10, p. 40. 


R9S‘>’7n~-4Q — 2 





Tlie results indicated that different characters disappeared from the 
population or lost their timo^pheevi-VikB expression at different rates 
with successive backcrosses. For example, the fimopAeem-like shape 
of the glume beak, the keel on the glume, and the glume shoulder 
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appeared to be retained longer than other characters studied. Though 
all 3 are glume characters, they appeared independently in different 
plants and hence must be governed by different genes. More than 
90 percent of the plants resembled timo'phee/vi more closely than 
mdgare in these characters. Even after 3 backcrosses the glume 
keels of 54 percent of the population resembled those of tvrnophemi; 
a.nd the 2 other cliaracters, shape of glume beak and shoulder, were 
^fmopAccrhlike in 44 and 19 percent of the BC^ population, respec- 
tively. After 4 backcrosses many plants retained a ^imcp/icc?;?.,-like 
expression of these characters. The 3 glume characters occasionally 
became fixed in DvlgareASke lines by selling backcrossecl plants. 

A group of characters somewhat less strongly retained in back- 
crossed populations were pubescence on the laminae, glumes, and 
cilias on the margins of the leaf sheaths. These characters appeared 
independently in different plants. Although 38 to 52 percent of the 
BC^ plants possessed pubescence of intermediate length and density, 
three backcrosses served to eliminate pubescence almost completely. 
Pubescence became fixed in some lines following selfing, but much less 
frequently than the glume characters discussed earlier. 

Unlike the six previously mentioned characters which are eco- 
nomically unimportant, the tight envelopment of the caryopsis by 
the glumes, lemma, and palea, the strong adherence of the spikelet 
to the rachis, and the easy articulation of the rachis are characters of 
tvmopheevi which are very undesirable economically because they con- 
tribute to preharvest shattering and threshing difficulties. These 
characters appeared in nearly all BC^ plants but usually W’^ith an 
expression intermediate between the parental species. After three 
backcrosses few if any traces of difficult threshing remained, and four 
backcrosses eliminated these characteristics completely. Rarely did 
these characters become fixed in lines derived by selfing early back- 
cross generations. 

Classification of plants of backcrossed populations for kernel type, 
maturity, leaf and straw type, and spike characters proved difficult 
because of numerous Intergrades. However, the fimopheediAfk^^ ex- 
pression of these characters usually failed to survive inore than one 
or rarely two backcrosses to vulgare, 

K striking difference in the rate of regression toward the recuri‘ent 
parent was noted between the BC^ and RBC^ populations. When 
BC^ plants were the pollen parents almost all timopheem characters 
were screened out so that the RBG^ population much more closely 
resembled the recurrent parent than when BC^ plants were tlie seed 
parents. The RBC^ population also more closely resembled the 
recurrent parent than the comparable BC^ population. Thus, the 
I functional male gametes of BC^ plants were genetically much more 
like vulgare than were the functional female gametes. 

In summary, it may be said that a single backcross to vulgare as 
the male parent resulted in a highly diverse population which re- 
sembled that species grossly, but retained many characters of tfmo- 
pheevi ill a form at least intermediate between the parents. During 
two more backcrosses the characters of timopheevi were lost or diluted, 
some more rapidly and completely than others, and the backcross 
population became much more uniform... However, after four back- 


See footnote 10, p. 40. 
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crosses the pof^ulation still varied rather widely about the type of the 
recurrent parent even though few evidences of Umnpheevi parentage 
remained. The imifoimity expected on the basis of published ac- 
counts {9^ 10, 15) was lacking, although a few individuals nearly 
identical with the recuiTent parent were found. Backcrosses with 
BC^ and EBC^ plants as pollen parents resulted, however, in a much 
more rapid return to the type of vulgar e. Studies of the transmission 
of disease reaction, which is economically more important than the 
characters discussed above, are reported in the two following sections. 

RUST STUDIES 

The reaction of several generations to stem rust caused by Puccinia 
graminis triMci Eriks, and Henn. was deterniined in the field in tlie 
summers of 1942, 1943, and 1944. Epipbytotics of the disease were 
induced by inoculation early in the season of guard rows of a sus- 
ceptible variety with races 19 and 56. Other races were knovm to 
have occurred naturally. The most important of these races was 
15B, which appeared in the nursery in 1943. Eace 15B was iden- 
tified by Dr. E. C. Stakman, of the University of Alinnesota, who 
also furnished the inoculum of races 19 and 56. Variety 2666A2-2- 
15-6-3, the vulgare parent, proved quite resistant to leaf rust caused 
by Puccinia triticina Eriks, and none of the backcrossed progeii}^ 
showed more than a light infection by this disease in any of the 
several years they were under observation. Some of the back- 
crossed plants and their derivatives possessed a very high order of 
resistance to leaf rust that apparently came from the ti/mopheevi 
parent. 

The “host responsel^ to stem or leaf rust was determined by com- 
parison with the standard scale for estimating rust precentages 
adopted by the Division of Cereal Crops and Diseases, United States 
Department of .Agriculture {22). The severity of infection expressed 
as a percentage figure was also recorded for each plant. Both scales 
were later used in determining degree of resistance. 

In each season a satisfactory epiphytotic of stem rust developed. 
Susceptible varieties such as the vulgare parent became infected early 
in the season. Soon after heading, the severity of infection reached 
90 percent on most plants with pustules of the very or completely 
susceptible type, and only shriveled caryopses were produced. Timo- 
.pheevi had an apparently immune type of “host response” with pustules 
appearing only rarely and then late in the season. In 1943 occasional 
plants of ti/mopheevi had up to 1 percent of rust, possibly because of 
the presence of race 15B. The Fi appeared to be higlily resistant 
until heading time, when a few pustules were observed. These in- 
creased until 5 percent severity of infection was reached near maturity 
in 1942 and 1944 and 10 percent in 1943. The stem rust resistance of 
timopheevi is thus not completely dominant to the susceptibility of the 
vulgare pSiTexit. 

In the 1943 season 70 BC^ plants were tested for stem rust reaction. 
They appeared to fall into three groups on the basis of host response 
and severity of infection: (1) Plants which were entirely free from rust 
or developed a few pustules of the apparently immune type late in the 
season; (2) plants with a fairly resistant host response and of variable 
severity of infection, mainly from 1 to 5 percent, but occasionally 
reaching 40 percent in late-maturing plants; and (3) plants as suscep- 
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tible as tbe conamoii wheat parent. The 70 BC^ plants fell into the 
resistantj intermediatej and susceptible groups in the proportion of 
28:31:11, respectively. Simultaneously 169 BC^ individuals from 22 
different BC^ plants and 43 RBC^ individuals from 7 BC-^ plants were 
tested for stem rust reaction. The backcrosses had been made in the 
gTeenhouse so that the rust reaction of the BC^ parents was unknown. 
The proportion of resistant, intermediate, and susceptible plants vvas 
43:72:54 for the BC^ and 20:11:12 for the RBC^ progenies. Five 
additional BC^ families with a total of 52 individuals included only 
susceptible plants. Genes for rust resistance were thus transmitted 
through the pollen as frequently as through the eggs of hybrid plants. 

The ratios between resistant, intermediate, and susceptible plants 
in the BC\ BC^, and RBC^ generations, together with the appearance 
of numerous completely susceptible plants, suggested that the inherit- 
ance of the resistance of timopheem to stem rust might be simple, 
perhaps depending on not more than two major genes. To test this 
hypothesis, backcrossed progeny and some selfed progeny from single 
plants of known rust reaction were grown in 1944. 

Only susceptible individuals wei’e found in 438 progency of sus- 
ceptible plants of the BC^, BC^F2, and BC^F4 generations. Appar- 
ently none of the resistance of timopheevi to races of rust occurring a,t 
Madison in 1944 wms governed by recessive genes. 

In 1944 almost no plants of the intermediate reaction were found, 
possibly because race 15B was not prevalent. The races of stem rust 
occurring in 1944 would not differentiate between the progeny of the 
intermediate and I’esistant plants of 1943. For example, 107 
progeny of 10 diflkunnt resistant BG plants segregated into resistant, 
intermediate, and susceptible individuals in the proportion of 56:2:49, 
respectively. The proportion for BO^ progeny of 6 different BC^ 
plants of intermediate resistance was 34:3:34. Both backcross ratios 
suggest that a single major gene governs resistance, if the somewhat 
higher incidence of rust on intermediate plants resulted from local 
environmental effects rather than genetic differences. 

A large number of F2 or F3 segregates from BCF or RBCF and F4 
segregates from BC^ plants were tested in 1944. The first would be. 
expected to give F^ ratios and in the F3 and F4 populations both 
gating and homozygous lines could occur. In segregating lines tlie 
proportion of resistant : intermediate : susceptible plants was 1,952: 
225:1,203. Although all attempts at a factorial analysis were un- 
successful, the proportions illustrate the ease with which stem-rust 
resistance was maintained. 

^ Of the 11 BGF4 families grown, 4 families of 11, 27, 45, and 89 
individuals included only resistant plants, indicating that their 
BCT3 parents wei’e homozygous for resistance to stem rust. Several 
of these lines have been grown subsequently into the F^ to F7 genera- 
tions and have been uniform for a high type of resistance, establishing 
the fact that homozygosity for resistance to stem rust occurred in F3 
individuals. 

Although the data did not establish the number of genes governing 
the inheritance of timopheevi resistance to stem rust, they do suggest 
that relatively few major genes, possibly not more tbaii 2, control the 
resistance to races which occurred at Madison in 1943 and 1944. At 
any rate a liigh order of resistance could be fixed by the F3 generation 
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(from tlie first backcross), and a large proportion of resistant plants 
occurred in random populations after 4 backcrosses to vulgare. To 
determine the genic basis of resistance it is probable that studies of 
cytologically stable, 42-chromosome, homozygous resistant lines, 
crossed with other common wheats and tested with single races of 
rust will be necessary. 

BUNT STUDIES 

Studies of transmission of resistance to bunt were made in the 
greenhouse in 1943-44 and in 1944-45. A composite collection of 
bunt from three localities in Wisconsin was used as inoculum. All 
were smooth-spored types of the species Tilktia foetida (Wallr.) 
Liro. Seeds were dusted with chlamydospores of the causal organ- 
ism and planted in soil maintained at approximately 10° C. The 
seeds were then covered with sand mixed with chlamydospores. 

In the 1943-44 tests four groups of kernels were inoculated: Fi, BC^, 
BC^F 2 (o. p.), and IIBC^F 2 (o. p.) kernels. Progress and Keward, 
highly susceptible varieties, and the vulgare parent were grown as 
checks. More than 90 percent of the plants of these varieties were 
infected and showed the typical symptoms of the bunt disease. The 
Fi plants were susceptible, but the symptoms were less pronounced 
than in the susceptible varieties. The plants "were only slightly 
stunted if at all and very small spore balls were formed. Usually the 
disease did not involve the entire spike, but only a feuv spikelets. 

BC^ families varied widely in the proportion of bunt-infected plants; 
on the average they had slightly less disease than the vulgare parent. 
In 3 of 19 families tested, more than 50 percent of the individuals 
remained healthy, ratios of healthy to diseased plants in those families 
being 11:9, 4:1, and 10:9. The BCT 2 (o. p.) plants were considerably 
more resistant on the average than was the vulgare parent. In 10 of 15 
families more than one-half of the plants remained healthy. In one 
family 20 of 23 and in another, 17 of 26 plants remained healthy. 
There was no indication that any of 18 KBC"F 2 ( 0 . p.) families pos- 
sessed any more resistance to the disease than the common wheat 
parent, although their BC^ parents apparently transmitted psistance 
to certain BC^ and BCT 2 families. This suggests that resistance to 
bunt is less frequently transmitted by pollen than by eggs of segre- 
gating plants. ■ 

In 1944-45 tests all kernels obtained from bunt-free plants in 
1943-44 were grown. Again, a few families had more healthy than 
bunted plants. Likewise, numerous partly bunted plants, which 
seemed to possess some measure of resistance to the disease, were 
found. 

The foregoing results suggest that it may be possible to transfer 
some of the bunt resistance of timopheevi to vulgare types. 

REGRESSION TOWARD THE RECURRENT PARENT IN CYTOLOGY AND FERTILITY 

All chromosome numbers from 36 to 42 were observed in BCbplants 
(table 3). Because the male gametes from vulgare presumably had 
21 chromosomes, functional female gametes of Fi plants apparently 
possessed 15 to 21 chromosomes. Three additional backcrosses served 
to shift the mean chromosome number from 39.1 in the BC^ generation 
to 41.6 chromosomes in the BC^ population (table 3). 



Table 3. Distribution of wheat plants of several generations according to meioiic behavior, frequency of micronudei, proportion of good pollen 

and fertility 

I The mean represents the mean value for each generation, while the range represents the maximum and mmimum values for single plants withhi each generation] 
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The range of chromosome numbers in the RBC^ and RBC^ genera- 
tions was much smaller than for the BC^ and BC^ .generations. 
Only 3 chromosome numbers were observed, 41, 42, and 43 (table 3, 
fig. 2, TI). The average number of chromosomes for the RBC'^ and 
RBC^ generations was slightly greater than 42. Thus, backcrosses 
in which the BC^ plants were pollen parents resulted in a much more 
rapid return to the chromosome number of vulgare than did back- 
crosses with vulgare as the pollen parent. 

In the BCT 2 and BC^F 2 generations, the chromosome numbers 
clustered closer to 42 than in the comparable BC^ and BC^ generations. 
The average number of chromosomes in these generations was possibly 
slightly higher than in their backcrossed counterparts. This implies 
that a system of self-pollination in BC^ plants might result in a slightly 
more rapid return to the chromosome number of vulgare than back- 
crosses, at least in the early generations. 

Regression in meiotic behavior toward the recurrent parent was 
much more rapid in the RBC^ and RBC^ generations than in the 
comparable BC" and BC^ generations. Even after three backcrosses, 
however, two with hybrid plants as the pollen parents, only about one- 
half of the population fell within the range of pairing of vulgare. 

The meiotic behavior of BCT 2 and BC^F 2 plants was as regular if 
not more regular than that of the comparable BC^ and BC'^ genera- 
tions (table 3). 

Both backcrossed and selfed populations from backcross plants 
appeared to follow Kihara^s schem.e (p, 34). Variability in pairing 
was such that the most usual number of paired and unpaired chromo- 
somes could not be easily established. However, when the mean 
number of paired and unpaired chromosomes (based upon analyses 
of 10 P, M. C.) was determined for each plant, it was observed that 
the sum of the bivalents and univalents was always equal to or ex- 
ceeded 21. The average number of bivalents plus univalents in all 
backcrossed and selfed generations also was equal to or exceeded 21 
(table 3). Thus, although monosomic plants were viable, there 
apparently was strong selectivity against nullisomic plants. 

A further measure of cytological stability was obtained from the 
number of micronuclei per quartet of microspores and the number of 
quartets which had no micronuclei (table 3). BC^ plants varied from 
an average of less than one micronucleus per quartet to an average of 
nearly six micronuclei per quartet. There was a steady decrease in 
the frequency of micronuclei with further backcrosses.' Again, the 
return toward the recurrent parent was mure rapid in the RBC^ and 
BBC* generations than in the BC^ and BC^ generations. Tlie limited 
data show that BCT 2 and BC^F 2 plants had approximately the same 
number of micronuclei on the average as the BC^ and BC^ plants. 

Large differences were found between plants of the several back- 
crossed generations in the amount of good pollen (table 3). Most 
BC Vplants had a preponderance of aborted or incompletely developed 
pollen grains, and the anthers failed to open at maturity. A few BC ^ 
plants, however, fell within the range of variatioti of in per- 

centage of good pollen. The amount of good pollen increased with 
further backcrosses until a majority of the BC ® plants fell within the 
range observed for vulgare. Plants of the BBC ^ generation hacl an 
average of 75 percent of good pollen, exceeding the BC ^ and even 
the BC ® generation. No data on pollen were obtained for the BBC ® 
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generation, 'but all plants had well-filled anthers that apparently 
dehisced normally. 

The fertility of BC ^ plants was in general low (table 3) . Wlien 2 
or more spikes of 58 different BC ^ plants were selfed, 30 of the plants 
failed to set any kernels and only rarely were more than 3 selfed 
kernels obtained from any one plant. In all, 157 kernels were ob- 
tained from 2,828 florets (6 percent seed set). When allowed to open- 
pollinate, the seed set was somewhat higher (9 percent), and only 10 
plants of 66 set no kernels. Only 2 plants of 66 failed to set any 
kernels when backcrossed; hand-pollination of 2,288 florets yielded 
648 kernels (28 percent seed set) . 

Wlien pollen from 15 different BC ^ plants, selected for relatively 
large amounts of pollen, was used to pollinate florets of imlgarej no 
kernels were obtained with pollen from 3 plants, but the other 12 gave 
from 1 to 14 keimels per spike of 20 to 28 florets. 

In general, BC ^ plants were more fertile than BC ^ plants (table 
3). Of the 79 plants which were bagged to test self -fertility, 25 failed 
to set any kernels. In all, 530 kernels were obtained from 2,221 
florets (24 percent seed set). Only 6 of 199 BC ^ plants, or 3 percent, 
failed to set any kernels when allowed to open-pollinate. The average 
fertility of these 199 open-pollinated plants was 38 percent (table 3). 
Seed set from backcrossing was 40 percent, or approximately the same 
as from open-pollination. Seventy-six BC ^ plants were backcrossed 
and none failed to produce kernels, although some were relatively low 
in fertility. The fertility of open-pollinated KBC ^ plants was rather 
uniformly high, 77 percent on the average. The range in fertility of 
BC ^ F 2 plants appeared to be the same as for the BC ^ generation 
(tables). . 

Data for individual plants revealed that not until the BC ^ gener- 
ation were individuals obtained which had 42 chromosomes that ap- 
peared to fall within the range of variation of vulgare in meiotic 
behavior, number of micronuclei, percentage of good pollen, and seed 
set. Because the data from individual plants were limited, the meas- 
urement of these factors was not sufficiently precise to determine with 
certainty that an individual had achieved the stability of vulgare. 
However, 4 BC ^ plants out of 68, 3 BC^ plants of 19, and 5 KBC ® 
plants of 13 appeared to meet these requirements. ^ It is possible that 
more extensive data would have revealed cytological differences be- 
tween these plants and vulgare. 

A simple method of describing the mean cytological regression 
.toward vulgare through four backcrosses is provided by the data 
presented in table 4, It is apparent that each backcross shifted the 
population approximately one-half the distance toward the recurrent 
parent when vulgare was the pollen parent. This relationship applied 
rather closely for several characters including chromosome number, 
closed bivalents, bivalents, univalents, mean number of micronuclei, 
percentage of quartets with no micronuclei, and percentage of good 
pollen. It is of interest to note that the genetic trend of a hybrid 
toward the recurrent parent upon continuous backcrossingdn plants 
in which all chromosomes pair is also one-half per generation. The 
cytological regression toward vulgare was somewhat more rapid 
when backcross plants were the pollen parents in further backcrosses 
and is not well described by the above relationship. 
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Table 4. — Cytological trend toward the recurrent parent compared with (rend 
expected under the hypothesis that the difference between hijhrid and recurrent 
parent is reduced one-halj per generation of hackcrossing 


Cytological character 


Unit 


F, 


Chromosomes 

Closed bivalents 

Bivalents 

Univalents 

Microiiiuclei per quartet. 

Quartets with no micronuclei. 
Good pollen 


/Number expected 

tN umber observed — . 

(Number expected 

In umber observed 

/Number expected 

iNumber observed 

(Number expected 

INumber observed 

/Number expected 

iNTumber observed 

fP ercent expected - 

iPercent observed 

/Percent expected 

iPcreent observed 


35 

35 


3.2 


8.3 


14.8 



BCi 

1 BC2 

BC3 

BOd 

Vulgare 

38. 5 

40. 3 

41.1 

41. d 

42 

39.1 

40.6 

41.2 

41. 6 

42 

11.3 

15. 3 

17. 3 

18.3 


10.1 

13.5 

17.1 

18.2 

19. 3 

14.6 

17.7 

19.3 

20. 1 


14.6 

17.4 

19. 5 

20. 0 

j 20. 9 

7.5 ’ 

,3.8 

2.0 

1. 0 


7.6 

4.4 

1.7 

.7 

.1 

2.6 

1.1 

.6 

.4 


2.8 

1.6 

.9 

.3 

. 2 

47 

70 

81 

87 


15 

33 

51 

80 

92 

43 

64 

74 

79 


23 

51 

65 


84 


CRITERIA FOR SELECTION 

In early backcross generations there was little relationship between 
the cytological behavior of a particular plant and the cytological 
behavior of its offspring. For example, one BC^ plant which had 42 
chromosomes most frequently arranged as 12 lie, 5 IIo, 5 I, and 1 III 
produced backcrossed offspring which varied from 40 chromosomes 
(9 lie, 5 IIo, 9 I, and 1 III) to 43 chromosomes (17 lie, 3 IIo, and 
1 III). Not until an individual had 19 or more bivalent chromosomes 
was a similar or greater number of bivalents observed consistently in 
its offspring. This indicates that there is little to be gained toward 
increasing meiotic regularity by selecting for high pairing until at 
least 19 pairs have been achieved. It was not until the third or fourth 
backcross generation (table 3) that most plants reached this degree 
of meiotic stability. 

Low frequency of univalents and of micronuclei similarly were not 
good criteria for selectiondn the early generations. 

Fertility is relatively easily determined and if selection of the more 
fertile early-generation plants were effective in raising the general 
level of fertility, it would be a desirable criterion for selection. This 
was tested by arranging parental plants according to fertility per- 
centages and tabulating the mean fertility and range in fertility of the 
offspring of each fertility class (table 5). The limited data indicate 


Table b.— Relationship between the seed set of parental plants and the seed set of 
their backcrossed offspring 


BCi plants 

BC2 plants 

No. 

Seed set 
in class 
centers ^ 

No. 

Seed set 

Average 3 

Range 

6._. 

Percent 

6 

16 

25 

36 

46 

55 

8.—-- 

Percent 

11. 6 

45.4 

40.5 

15.6 
30.3 

61.7 

Percent 

1-28 

0-85 

2-86 

^48 

4-66 

6-91 

11_. 

59.. 

6 

31. 


8.. 



2 

22.. 

1 

36..... 




J Seed set when backcrossed. to vulgare. 
3 Open-pollinated seed set. 
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that progeny of the more fertile plants varied as widely in fertility 
as the progeny of less fertile plants; also there was no consistent trend 
in mean fertility. Observation of numerous families for which no 
numerical data are available corroborate the data of table 5. This 
suggests that in the early generations selection of only the more 
fertile plants is not particularly effective in increasing the fertility 
of the offspring. 

THE BACKCROSS (VT)T 

When 312 florets of Fj plants were pollinated with pollen of timo- 
pheevi, 11 kernels were obtained (3.5 percent seed set). Seven of the 
kernels germinated to give plants that either resembled timopheevi 
closely, or were intermediate between timopheevi and the Fi in morpho- 
logical appearance. 

^ A cytological examination was made of 3 of these plants. Two 
timopheevi-like individuals each had 29 chromosomes. The most 
usual pairing arrangement in both plants was 8 lie, 3 IIo, and 7 I. 
An occasional trivalent was also observed. The third plant was 
intermediate between the Fi and timopheevi in appearance and had 
31 chromosomes, usually associated as 8 lie, 9 IIo, and 7 I, plus a 
small fragment. The fragment associated with no other chromosome. 

The 7 (VT)T plants were of varying fertility, and a few kernels 
were obtained from each when allowed to open-pollinate. Nineteen 
open-pollinated progeny were obtained, all of which resembled timo- 
pheevi very closely in morphological appearance. A cytological 
examination was made of 3 of these plants, each of which had 28 
chromosomes usually conjugated as 11 IIc and 3 IIo, but occasional 
univalents were seen. All plants were highly fertile when allowed to 
open-pollinate. Apparently the return toward timopheevi ^ both mor- 
phologically and cytologically, was very rapid following one backcross 
to that species. 

THE F2 AND GENERATIONS 

The 5 selfed kernels from Fj plants (p. 37) were sown in the field in 
1943. All germinated and grew into mature plants. One of these 
plants, designated F^-l, resembled the parental common wheat variety 
very closely, including its susceptibility to stem rust. It had 42 
chromosomes which paired fairly regularly (table 6), and 83 percent 
of the florets set seed. The following season 18 progeny of tliis plant 
were grown. They also closely resembled the parental common 
wheat variety and all were highly fertile. 

The 4 other Fa plants, designated F2~2, F2-3, F2-4, and F2-5, 
differed gi^eatly from one another. All 4 plants had the general 
gloss morphological appearance of timopheevi , but they possessed 
thickened plants parts which often characterize autopolyploids. 
Plants F2-“2, F2”4, and F2-5 had 45, 46, and 49 chiomosomes res- 
pectively. Conjugation was irregular, univalents and multivalents 
occurring frequently (table 6). Plant F2-3 was completely sterile. 
The other 3 plants^^s^^ a few kernels when allowed to open-pollinate 
but they set no kernels under bags. All of the kernels obtained from 
the 3 partly fertile plants were sown in 1944 and 22 F3 plants were 
obtained. These F3 plants varied amongst themselves even more 
widely than had their parents, but again all the plants had the gross 



54 


Joihvnal of Agricultvml Research 


VoL 78, Nos. 


4 


general morpliological appearance of timopheeih (fig. 6, B and C). 
Some had thickened plant parts (fig. 6 , B), whereas others ^were 
ciiiite slender and stunted -(fig- C), All were highly sterile. Seven 
of these F3 plants that were exanained cytologically were lound ^to 
have the high chromosome numbers and irregular meiotic behavior 
that characterized the Fo (table 6). 

Table 6 . — Distrihulwfi of chromosomes according to type of association in plants of 
the F2 and generations from Triticum vulgare X Triticum timopheevi 


F2 GENERATION (from selfed Fi plants) 



Average and 

2n 



Type of chromosome association 



It ittllL 

range 

chromo- 

somes 

lie 

IIo 

TI 

I 

III 

IV 

V 

VI 

F2-’L 


Num- 

ber 

42 

Num- 

ber 

16.6 

Num- 

ber 

3.2 

Num- 

ber 

19.8 

Num- 

ber 

2.0 

Num- 

ber 

0 

Num- 

ber 

0.1 

Num- 

ber 

0 

Num- 

ber 

0 

{Ranges. 


1 12-21 

0-6 

18-21 

0-6 

0 

0-1 

0 

0 


/Average 

45 

12. 9 

3.7 

16.6 

6.4 

1.0 

0.6 

0 

0 


iRange 


11-16 

0-7 

13-20 

4-11 

0-2 

0-2 

0 


F2~4 

/Average 

46 

11.1 

4.3 

15. 6 

7.9 

1.3 

0.7 

0 

0. 1 

VRange 


9-15 

2-6 

12-18 

2-12 

0-2 

0-2 

0 

i 0-1 

F2-5 

/Average 

49 

9.6 

5.2 

14.8 

10.1 

2.2 

0.4 

0.1 

0. 1 

(Range.. 


6-14 

3-9 

9-20 

6-16 

0-4 

0-1 

0-1 

0-1 


Fa GENERATION (from open-pollinated F 2 plants) 




/Average 

45 

9.5 ! 

2.6 1 

12.0 

2.9 

2.0 

0.5 

0 

0 

i? 2‘ 


1 Range.... 


6-14 

3-9 

10-18 

4-9 

0-5 

0-1 

0 

0 




45 

15.0 

3.5 

18. 5 

3.5 * 

0.5 

0.8 

0 

0 



(Range.. 


11-19 

2-6 

15-21 

2-4 ! 

0-1 

0-2 

0 

0 


- 4-4 

/ Average 

43 

12.3 

5. 5 

17.8 

2.5 1 

1.0 

0 

0 

0 



(Range — 


10-16 

3-9 

16-19 

2-4 

1-1 

0 

0 

0 

jr,. 


/Average 

45 

9.5 

6.8 

16.3 

8.2 

1.0 

0 

0.3 

0 



(Range 


6-14 

4-9 

12-19 

6-10 

0-2 

0 

0-1 

0 

F2' 

-4-7 

/Average 

(Range... 

46 

14.5 

12-17 

4.5 

3-7 

19.0 

17-21 

3.0 

0-5 

0.6 

0-1 

0.4 

0-1 

0.2 

0-1 

0.1 

0-1 

F 2 - 5 -I 

/Average 

(Range 

41 

15.3 

12-18 

4.1 

2-8 

19.4 

1 18-20 

1.2 

1-5 

0 

0 

0 

0 

0 

0 

0 

0 



/Average 

i 50 

11.3 

5.8 

17. 1 

4.2 

1.5 

1.2 

0 

0 

i? 2' 


(Range 


7-14 

4-9 

14-20 

2-7 

0-2 

0-2 

0 

0 


The origin of the F 2 kernels may be inferred from the type of 
gametes produced by the Fj plants in reciprocal backcrosses to vulgar e. 
It has been shown tkat the functional pollen of tlie Fi liad 14 chromo- 
somes and that the functional eggs had 15 to 21 chromosomes. Tliiis 
self-fertilized kernels from the Fi would be expected to receive 14 
chromosomes from the pollen and 15 to 21 chromosomes from the 
eggs, making a total of 29 to 35 chromosomes. Morphologically 
they would be expected to resemble timopheevi or to be intermediate 
hetwem timopheevi and the Fi. The plants obtained deviated 
widely from the types expected from self-fertilization in Fi plants, 
both morphologically and cytologically. Consequently some expla- 
nation other than self-fertilization by reduced gametes must be 
sought to account for these kernels. 

The single mlgare-like plant had 0 to 6 univalent chromosomes 
(mean of 2) and occasionally formed the maximum of 21 closed pairs. 
It could have resulted from the fertilization of an egg which received 
nearly exactly the 21 chromosomes of mlga/re hj a pollen grain of 
similar constitution. However, it was hot possible to demonstrate 
by fairly extensive backcrossing that functional 21 chromosome 
pollen grains were formed by the Fi. Because the anthers of the Fi 
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Figure 6. — Spikes: iimopheevi; B, F2-4~7, a 46-chromosoine plant: C, F2-2-3, 

a 45-chromosome plant; />, vulgare. 


were leatliery and tough and did not dehisce^ escape of the occasional 
‘^good^’ pollen grains seems unlikely. The restitution (doubling) of a 
reduced female gamete with 21 chromosomes (or nearly so) 

and subsequent parthenogenetic development is an alternative 
hypothesis that is more plausible. 
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The other 3 F2 plants had about twice as many bivalent chromo- 
somes and much more frequent multiple associations than did the Fi 
plants. The restitution of female gametes after a reduction division 
involving the loss of several chromosomes, mostly chromosomes of 
mlgare, is a possible explanation which is in accord with the pairing 
observed (table 6). Another possible explanation involves the union 
of an unreduced or partly reduced female gamete with a 14-chromo- 
some male gamete of the Fi, The union of a 14-chromosome male 
gamete with an unreduced egg (35 chromosomes), or with partly 
reduced eggs that contained 32 or 31 chromosomes, would give plants 
with 45, 46, and 49 chromosomes, the numbers observed in plants 
F2~2, F2-4, and F2-5. These plants would have the diploid tmtopheem 
complement plus a monoploid vulgare complement (minus 3 and 4 
timopheevi or vulgare chromosomes in plants F2-2 and F2-4). The 
pairs would probably be 14 bivalents from timopheevi chromosomes 
depending on the chromosomes that were ‘^minus,’^ plus occasional 
bivalents from autosyndetic conjugation of vulgare chromosomes and 
multivalents from combined auto- and allosyndesis. 

The gross resemblance of the open-pollinated F3 plants to timopheevi 
suggested that they resulted from the fertilization of partly reduced 
eggs with high chromosome numbers by pollen grains from nearby 
plants of timopheevi. They could possibly, however, have come from 
restitutions and parthenogenetic development of partly reduced eggs, 
or from self-fertilization. 

THE Fs (0. P.) GENERATION OR FIRST NATURAL BACKCROSS 

GENERATION 

In the summer of 1942, a row of Fi plants was grown between rows 
of the 2 parents. From 329 open-pollinated spikes of the Fi plants 
75 kernels were obtained. Because the Fj was, late in maturity, its 
flowering period coincided more closely with that of timopheevi than 
with that of the earlier maturing mlgare parent. It was not unex- 
pected, then, that 25 of the 30 plants obtained from these kernels, 
which were almost certainly from outcrosses, resembled timopheevi. 
The variation in appearance of these 25 natural backcrossed plants 
was the same as that of plants from controlled backcrosses to tmo” 
pheevi. Of the remaining 14 F2 (o. p.) plants, 8 were intermediate 
between the Fi and timopheevi but more closely resembled the Fi, and 
6 resembled mlgare. The former probably were from eggs which had 
largely a vulgare complement of chromosomes fertilized by male 
gametes from thnopheevi. The latter were probably from natural 
hmkcmsses to vulgare. 

During the 1943 season the following variations were made in order 
to obtain a larger proportion of vulgareAike (0. p.) plants. About 
100 Fi plants were interplantedy^ith the variety Marquis. By delay- 
ing the planting date of Marquis and cutting it back, heading was 
made to coincide with that of the Fj plants; 174 F2 (o. p.) kernels were 
found on the Fi plants. A random group of 84 was sown in 1944 and 
31 plants were obtained. Twenty-five individuals with awnlets like 
those of Marquis were observed, providing evidence that natural out- 
crosses to Marquis gave rise to the majority of the kernels (fig. 7, B) . 
Bour plants which resembled the common wheat parent were found 
(1 shown in fig. 7, D), I timopheeuUiko plant (fig. 7, 0), and 1 plant 
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Ftpt^rb 7 — Snikes; A, 28-chromosome limopheevi~\ike Fp (o. pO plant; is, awn- 
leted Fr(o^p) plant with 38 chromosomes, probably from an outcross to 

Marquis- C ^ (o. p.) plant with 30 chromosomes, probably from an outcross 
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cross to the common wheat parent; F, Fi-like Fs (o. p.) plant witn 
chromosonie.s, probably parthenogenetic m origin. 
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which wa,s intermedia, he between the Fi and Umopheevi. Since the 
common wheat parent and timopheevi were growing within a few feet 
of some of the Fi plants, occasional backcrossing to theni probably 
explains the few plants which did not resemble Marquis. These 
results were very different from the results of 1942 when the Jh (o. p.) 
population was largely timdpheevi-like, and serve to emphasize the 
control of natural backcrossing that is possible. 

A cytological examination was made of 20 of the 31 F2 (o. p.) plants 
which were grown in 1944. The single timopheevi-like plant (fig. 7, C) 
and the plant intermediate between the Fi and timopheem each had 
30 chromosomes. The usual pairing for both plants was 8 lie, 5 IIo, 
and 4 I. Chromosomes numbers of the 18 mlgareASke plants which 
w^ere examined cytologically are given in table 3. The distribution of 
chromosome numbers appeared to be about the same as for the BC^ 
generation. Similarly the variation in numbers of closed bivalents, 
total bivalents, and univalents approximated the values for the BC^ 
generation (table 3). 

The fertility of the F^ (o. p.) plants varied considerably and was 
correlated with morphological appearance. Plants which resembled 
the Fi were completely sterile. Nearly half of the im/t^arcdilce and 
timopheemASk^. plants, however, set some kernels. The range in 
fertility of mlgare-like F2 (o. p.) plants was approximately the same 
as that of the comparable BC’- generation. 

THE F 3 (0. P.) GENERATION 

The appearance of F3 (o. p.) plants was related to the appearance 
of their F2 (o. p.) parents. TimopheeviAike F2 (o. p.) plants had F3 
(o. p.) offspring which usually resembled timopheem hut occasionally 
were like the Fi in appearance. Eight such F3 (o. p.) plants were 
examined cytologically. Five timopheevi-like plants (1 shown in fig. 
7, A) had 28 cl^iromosomes each and 1 plant had 29. The nsual 
pairing was 14 bivalents in the 28-chromosome plants and 14 bivalents 
plus 1 univalent in the 29-chromosome plant, although some uni- 
valents were observed in all 5 plants. One Fi-like plant had 35 
chromosomes which usually associated as 7 lie, 6 IIo, 6 I, and 1 III. 
This plant probably resulted from an outcross with mlgare. Another 
Fj-like plant (fig. 7, E) had only 21 chromosomes, usually associated 
as 2 IIc, 3 IIo, 8 I, and 1 III, and probably was of parthenogenetic 
origin. 

Progeny of vulgare-Wke F2 (o. p.) plants usually resembled vulgar e 
more closely than did their parents, but occasional plants resemWed 
F3 (o. p.) plants probably resulted from selfing 
of F2 (o. p) plants or from outcrosses to the common wheat parent 
or Marquis. Fj-like plants probably were from, outcrosses to rimo- 
The chromosome numbers and meiotic behavior of 11 
m/^ar^-like F3 (o. p) plants are given in table 3. The cytological 
regularity was about the same as that of the corresponding BC^ 
generation. 

^ It ^2 (o. p.) and F3 (o. p.) generations, all timopheeviAke or 
Fx-like plants were highly resistant to stem and leaf rust. Segregation 
for stem rust resistance occurred, however, am.ong the m^gar^-like 
individuals of these generations. Of 6 vulgareAke F2 (0. p.) plants 
grown in 1943, 3 were highly resistant and 3 were intermediate: in 
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1944 there were 5 resistant, 12 intermediate, and 12 susceptible 
plants. Three m/<7arc4ike F 3 (o. p.) families grown in f944, all from 
higlily resistant F2 (o. p.) plants, segregated as follows (resistant: 
intermediate: susceptible): 22:3:4, 50:0:11, and 4:0:3. Thus there 
was no more difficulty in m.aintaining stem rust resistance in a large 
proportion of the natural backcrossed than in the artificially back- 
crossed populations. 

A few of the stem and leaf rust resistant F3 (o. p.) plants were 
selected and open-pollinated progeny grown for two additional gener- 
ations. Although there was no difficulty in fixing rust resistance in 
higlily fertile lines, few agronomically desirable types were obtained. 
Hybrids were then made between the better lines and several com- 
mon wheat varieties and the F^s were backcrossed to the common 
wheat varieties one or more times. Segregates from, these back- 
crosses resembled the recurrent parent agronomically. Far less effort 
in transferring stem and leaf rust resistance to agronomically desir- 
able types was required by this system than by backcrossing in early 
generations when fertility was poor. 

THE BC2F4 GENERATION 

Cytological observations w^ere made on one of the most promising 
BC^F4 lines. It bred true for resistance to both leaf and stem rusts 
and to mildew, was completely fertile, and of fair agronomic type. 
Six plants were examined, all of which had 21 pairs of chromosomes 
(fig. 2, /), and 96 percent or more of the quartets were free from 
micronuclei. This line appeared to be as stable nytologically as the 
mlgare parent. In its hybrids with Marquis and Keward, 21 pairs 
were observed uniformly, and 97 percent or more of the quartets 
were free from micronuclei in 3 Fi plants of each hybrid. Thus the 
rust and mildew resistance of timopheevi can be incorporated into 
cytologically stable 21-chrom.osome wheats. Moreover, because these 
derivatives from timopheevi are cytologically regular in hybrids with 
certain vulgare wheats, there should be no cytological difficulties if 
they are used as disease-resistant parents. 

DISCUSSION 

The special position that Triticum timopheevi occupies among the 
28-chromosome wheats, first recognized from cytological evidence, is 
further substantiated by the breeding behavior of this species in its 
hybrid with T. vulgare^ agricultural variety 2666A2~-2~15"6'-3. This 
hybrid does not follow Kihara's (75) scheme established from, re- 
searches upon other pentaploid wheat hybrids in which the parental 
chromosome numbers are regained following selfing of the hybrid. 
Kather the hybrid of T, vulgare X T, timopheem is probably completely 
male-sterile in nature as a result of indehiscence of the anther, and 
the few kernels obtained apparently are produced by other than the 
usual sexual process. However, once the population had been shifted 
toward either parent by backcrossing with the Fi as the female, it 
was found that the return to the 42-chromosome or 28 chromosome 
condition was according to Kihara's scheme. 

This hybrid also differs significantly from other pentaploid wheat 
hybrids in the character of the populations obtained from back- 
crossiBg to the common wheat parent. In other pentaploid hybrids 
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all chromosome niirobers from 14 to 21 are represented in functional 
male gametes of Fj plants, although the most numerous functioning 
gametes have chromosome numbers approaching one or the other 
parent {34, 36). It was demonstrated in the present study that the 
oihy male g amet es that fu nctioned possessed 14 cliromosomes^ As a 
cdfisequence no" progfessTo ward the ml^re type was noted from 
backcrossp made with the Fi as the pollen parent. When the 
timojyheedi-vulgare was backcrossed with pollen from vulgar e, ilm 
results diverged less from other pentaploid hybrids than in the 
reciprocal backcross, but fewer pairs of chi’omosomes were observed 
and the average fertility of the backcrossed population was lower. 
The relatively remote relationship between timopheevi and common 
wheat is thus expressed in their hybrid in low chromosome pairing 
and low fertility, expecially in the male gametes. Both factors serve 
as major barriers to the transfer of genes. 

Nevertheless, transference of genes governing stem and leaf rust 
resistance by successive backcrosses was obtained. However, only a 
goy eim rust resistance and these genes were transmitted 
with approximately" equal frequency through both male and female 
gametes of early-generation backcross plants. Because functional 
rnale gametes of backcross plants were genetically and cytologically 
similar to vulgare gametes, backcrosses in that direction acted as a 
line sieve which passed genes controlling rust resistance but screened 
out nearly all other timopheevi genes. Accordingly, it was possible 
to fix stem and leaf rust resistance rapidly in cytologically stable 
42-chromosome types by backcrosses with early generation backcross 
plants as pollen parents. 

It is possible that genes governing stem- and leaf-rust resistance are 
located in one or more of the few timopheevi chromosomes which 
appear to have nearly exact homologues in vulgare. Presumably such 
chromosomes could be s ubstituted for their homologues without seri- 
ously decreasing the viability of either male^oFT^lle gametes of 
backciossed plants. Because ipildew resistanc e was found in lines 
derived from this type of backcross, the genes concerned can also be 
presumed to be located in chromosomes of tirnopheevi which have 
homologues in vulgare. 

Other characters of timopheevi studied, including bunt resistance, 
were less easily transferred to vulgare types. If the genes concerned 
wmre located in timopheevi chromosomes which pair sporadically with 
chromosomes of vulgare, the gametic unbalance and consequent game- 
tic elimination which inclusion of partial homologues might cause may 
account for the failure of such characters to appear in backcrossed 
generations. Another possible explanation is that these characters 
were governed by numerouA genes. Anderson {3) has discussed the 
reasons why transfers of characters from one species to another are 
likely to be difficult when a character is controlled by several genes. 

The transfer of genes in chromosomes which completely lack hom- 
ology depends upon the substitution or addition of a complete chro- 
mosome pair, as demonstrated by Gerstel {6, 7), The place of ffalien 
addition” and /lalien substitution” races in practical plant breeding 
remams to be determined. 

Although stem-rust resistance was transferred to apparently stable 
42-chromosome vulgare types by successive backcrosses, utilization o f 
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natural ba c kcrosses prov^ more efficient in time and labor for this 
transfer. ^Tecause *tEe Ti hybrid was nearly completely male-sterile 
under field conditions, any kernels produced upon Fi plants most 
likely were from outcrosses. By interplanting with the desired recur- 
rent parent and with proper isolation, naturally backcrossed keimels 
were obtained more easily than by hand-pollinations. A mixture of 
self-pollinated and backcrossed kernels was obtained when these seeds 
were again interplanted with the recurrent parent. Among these 
plants were numerous rust-resistant individuals of moderate to high 
self-fertility. However, undesirable characters, such as lateness of 
maturity and weak straw, were usual and few or no agronomically 
desirable lines could be isolated by selection in 2 additional open- 
pollinated generations. Further improveipent was accomplished by 
artificial backcrosses to common wheat varieties. Under the system 
outlined above, natural backcrossing was utilized in early generations 
to lessen the labor required, while artificial backcrosses were employed 
when fertility had been restored and hand-pollinations were more 
fruitful. 

SUMMARY 

In the hybrid between Triticum vulgare and T. timopheevi there 
were marked differences in chromosome numbers and pairing, fer- 
tility, and morphological appearance in generations derived by selfing 
and reciprocal backcrosses to vulgare. This hybrid differs signifi- 
cantly from other pentaploid hybrids in its breeding behavior. 

The rare kerhals produced upon selfed Fi plants appeared to have 
arisen by an abnormal sexual process. 

* Backcrosses obtained by using pollen of the Fi on vulgare were 
nearly indistinguishable from the Fi in morphological appearance 
cytological behavior, and fertility. 

Plants obtained by using pollen of vulgare on the Fi were variable 
but in general intermediate between the Fi and vulgare. The resem- 
blance to vulgare increased through four similar backcrosses. The 
mean difference in cytological behavior and fertility between plants 
of each backcrossed generation and vulgare was decreased by half per 
generation of backcrossing to vulgare when backcrossed plants were 
the seed parents. 

When the second backcross was made with the first backcross 
plants as the pollen parents, the resulting population resembled 
vulgare more closely than did the reciprocal backcross and was more 
regular cytologically and more fertile. Resistance to stem and leaf 
rusts and mildew was maintained in this type of backcross, but nearly 
all other characters of timopheevi, including resistance to bunt, were 
eliminated. This system of mating thus allowed a rapid transfer of 
timopheevi resistance to stem and leaf rusts and mildew to 42-chromo- 
some vulgare types. 

Little was gained toward greater fertility or meiotic stability by 
selecting the more fertile or more cytologically regular plants in early 
generations. Selection in early generations should be only for the 
specific genes sought. 

The self-sterile Fi may be satisfactorily backcrossed by planting in 
proximity to the desired male parent. 

Despite the poor pairing and low fertility of the Fi, genes for resist- 
ance to stem rust, leaf rust, and mildew possessed by timopheevi were 
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transferred to vulgare. This was accomplished most efficiently by 
three or four generations of natural backcrossing resulting in fertile 
disease-resistant types which were then backcrossed successively to 
vulgare until the genes for resistance were stabilized in an otherwise 
vulgar e genotype. 
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RED STEM CANKER OF COWPEA, CAUSED BY 
PHYTOPHTHORA CACTORUM ^ 


By J. L. Weimer 2 

Sen ior pathologist, Division of Forage Crops and Diseases, Bureau of Plant Industry^ 

Soils, and Agricultural Engineering, Agricultural Research Administration, 

United States Department of Agriculture 

INTRODUCTION 

In 1944 a disease not heretofore observed was found causing injuiy 
and death to a considerable number of plants m a field of cowpeas 
{Vigna sinensis (Torner) Hassk.) at Experiment, Ga. The following 
year the disease appeared in another field but it was less destructive, 
occurring most commonly in low, poorly drained areas. The first 
year there was no apparent correlation between the prevalence of the 
disease and the soil moisture; then the disease was present on a hillside 
where soil and air drainage were excellent. The disease was not 
observed in 1946 or 1947, probably because few gi’owing cowpea 
plants were seen and little time was spent searching for the disease. 
So far as known the disease is not generally destructive, but it is 
potentially capable of doing considerable damage. This paper re- 
ports the cause of the disease and other pertment facts about it. 

SYMPTOMATOLOGY 

The disease under discussion is easily recognized by the long, 
reddish lesions that may occur on any part of the stem or the petioles 
of cowpeas. This characteristic red color suggested the common 
name, red stem canker. The canker may involve part or all of the 
circumference of the stem and may extend from the base to the tip 
of the plant affected (fig. 1). At first the infected tissue looks water- 
soaked, but it soon becomes maroon’^ ^ or diamine brown^^ (^).^ 
The centers of the old lesions frequently are lighter than the margins; 
often they are nearly brick red'^ or Prussian red,^^ but the center of a 
single lesion may vary considerably in color. When the tissue dries 
out the lesions may split longitudinally. Frequently the center of a 
lesion is invaded by one or more different fungi, largely if not entirely 
saprophytic. 

1 Received for publication October 29, 1947. Cooperative investigations of 
the Division of Forage Crops and Diseases and the Georgia Agricultural Experi- 
ment Station. Paper No. 174, Journal Series, Georgia AgTiculfcurai Experiment 
Station. 

2 The writer is indebted to B. L. Wade, U. S. Regional Vegetable Breeding 
Laboratory, Charleston, S. C., for the seed of the cowpea varieties used in these 
investigations. 

^ Throughout this paper the quoted colors are from Ridgway (^) . 

mtalic numbers in parentheses refer to Literature Cited, p. 75. 
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Infected stems of young plants may be girdled and the plants killed 
(fig. 2, B), Often only one side of a plant is seriously injured and its 
branches are killed, and thus a one-sided plant is produced (fig. 1, 
A~G) . Sometimes the apical bud is killed and elongation of the main 
stem stops. Usually the lesions appear first a short distance above the 
soil surface and the base of the stem is not injured. When infection 
does take place below the smdace of the soil, the fungus grows up the 
stem and produces a narrow lesion which becomes broader when it is 
above the soil surface (fig. 3). 



Figuee 2. — A, Uninoculated cowpea seedlings; B, seedlings of same age inocu- 
lated with the red stem canker fungus and photographed 5 days after inocula- 
tion. X approximately }i. 


The symptoms of red stem canker differ from those of bacterial 
canker as described by Burkholder {2) and Dunlap ^ and described and 
illustrated by Hoffmaster (4) in that the lesions of the former are red 
and are not swollen or cracked. Red stem cankers differ from the 
lesions produced by EMzoctonia in that the latter are largely under- 
ground. Typical cankers caused by Macrophomina phaseoU (Maub.) 
Ashby on cowpea differ from red stem cankers in that they have 
chocolate-brown borders and ashen centers and their surfaces often 
are thickly dotted with pycnidia. 

ISOLATIONS AND INOCULATIONS 

The surface of some lesions shows no change from that of the 
healthy stem except a uniformly reddish color; therefore, it gives no 
clue to the probable causal agent. On other lesions there occur 
lighter areas that are often covered with fungus fruiting bodies. 

s Dunlap, A. A. two bacteeial diseases in texas. U. S. Bur. Plant Indus., 
Soils, and Agr. Engiii., Plant Dis. Rptr. 27: 274. 1943. [Processed.] 
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Figure 3. — Cowpea stems inoculated just below the surface of the soil with the 
red stem canker fungus. Note that the fungus produced lesions at the points 
of inoculation and then gjew upw^ard forming narrow, reddish lesions that be- 
came broader after reaching the above-ground parts of the stems. X IMo* 
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These may be the imperfect stage of an anthracnose fungus, sometimes 
a type with curved spores and at other times a type with straight 
spores resembling those of Glomerella cingulata (Ston.) Spaiild. and 
Schrenk. The ascospore stage of the latter fungus is sometimes 
present. Under field conditions a coating of spores of Fusarium sp. 
also^ may be found on the older lesions. Less frequently fruiting 
bodies of other fungi such Alternaria, Phoma, Hebninthospornm, 
or Macro'phymma are present. Of these fungi the curved-spored 
(JoUetotriclmm and a species of Fusarium were found most consistently. 
These two fungi were isolated, but inoculation experiments showed 
that they were nonpathogenic. Further search showed that oospores 
of a phycomycetous fungus were consistently present in the diseased 
tissue; this fungus was then isolated and used in inoculation experi- 
ments. 

On December 21, 1945, five cowpea plants of an unidentified variety 
growing in pots in the greenhouse were inoculated with this phycomy- 
cetoiis fungus by placing bits of agar on which it w^as growing against 
the unwoiinded stem near the surface of the soil; then the pots were 
held in a moist chamber for 70 hours. Control plants were treated in 
the same manner except that sterile agar was placed against the stems. 
The five inoculated plants were all dying 4 days after inoculation, the 
stems being nearly girdled at the point of inoculation. The fungus 
had penetrated the tissue in both directions from the point of infection. 
There was no injury to the control plants. The fungus used in the 
inoculations was reisolated from the diseased tissue. 

The phycomycetous fungus used in the experiment just described 
and the reisolate were used in a second inoculation experiment begun 
on January 4, 1946. Three plants were inoculated with each fungus, 
and three others were held as controls. The fungus growing on agar 
was placed against the stem of each seedling a short distance above the 
soil surface. Sterile agar was placed against the stems of the control 
plants. All plants were held in a moist chamber for 68 hours. Four 
days after the inoculations were made five of the six inoculated plants 
had stem cankers typical of those seen under field conditions. Five 
days after inoculation the stems of the three plants inoculated with 
the original isolate were so badly decayed that their tops had fallen 
over (fig. 2, i?). The fungus under investigation was reisolated from 
plants in both sets of inoculations. The tissue of most of the lesions 
contained oospores typical of the fxingus used in making the inoeula- 
tions. Thus the disease was reproduced by the fungus isolated, the 
fungus was again recovered, and this reisolate reproduced the disease 
and was recovered. 

In a third inoculation experiment begun on March 11, 1946, 12 
plants were inoculated with the original isolate and 10 of them became 
infected. At the same time 12 plants were inoculated wdth the re- 
isolate from the second experiment and all of them became infected. 

These experiments gnd a number of others in which plants were 
inoculated to test varietal susceptibility proved conclusively that the 
phycomycetous fungus is the cause of the disease. Infection usually 
was evident 3 or 4 days after inoculation. Seedling cowpea plants 
were most susceptible, but the youngest tissues of older plants, even 
those setting seed, were susceptible also. Some of the lesions a 
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week old were 2 to 3 inches or more in length and often involved the 
entire diameter of the stem so that it broke over. In other cases the 
lesions remained superficial. Figure 4 shows lesions on cowpea stems 
inoculated with a reisolate of the original culture. At first the lesions 
were reddish green. The amount of red varied with the lesion, some 
being ^liver brown’^ and others “yellowish olive. Often affected 
plants that were not girdled and killed were more or less dwarfed 
or unsymiiietrical. Some stems had lesions 5 to 8 inches long 18 
days after inoculation. 

In order to determine the relative resistance of different varieties 
of cowpea to the phycomycetous fungus being studied, several 
varieties were grown in pots in sterilized field soil in the greenhouse and 
inoculated as described previous^ when the seedlings were putting 
out their first trifoliate leaves. As shown in table 1, a high percent- 
age of infection of most of the varieties tested was obtained. Alalong, 
Speckled Crowder, and Purple Hull appeared to be somewhat resist- 
ant in these small-scale tests. None of the 31 control plants of 8 
varieties became infected. 


Table 1. — Results of inoculating various vaHeties of cowpea 'with the red stem canker 

fungus 


Variety 


Alabrowneye 

Alabuncb 

Alalong 

Blackeye Wilt-resistant 

Blue Goose.- 

Brabham 

California Blackeye No. 5 

Chinese Eed- 

Cream 

Cream Crowder 


Plants 

inoculat- 

ed 

Plants 

infected 

Variety 

Plants 

inoculat- 

ed 

Plants 

infected 

Number 

7 

Percent 

71 

Cream Crowder-Lady 

Number 

8 

Percent 

100 

15 

93 

Cream-longpod 

10 

100 

8 

25 

Early Dixie Queen 

8 

100 

7 

100 

Jackson 21 

4 

100 

33 

13 

1 92 

Purple Hull 

i 3 

17 

100 

Purple Hull Bunch 

i 14 

100 

3 

67 

Six weeks 

1 15 

03 

16 

75 

Speckled Crowder 

1 15 

27 

1 

100 

Sugar Crowder 

19 

90 

3 

67 

Whippoorwill. 

8 

1 100 


CULTURAL CHARACTERISTICS AND MORPHOLOGY 
OP THE FUNGUS 

The causal fungus is easily isolated from the young red stem cankers 
by ordinary cultural methods, but this is no longer true after the tissue 
has been invaded by bacteria and secondary fungi. The fxmgiis grows 
well on most media. The mycelium is white or slightly brownish on 
some media and varies in luxuriance with the medium. ' Oospores are 
formed much more abundantly on corn-meal agar than on oatmeal 
agar. Moderately good growth takes place on Leonian’s malt agar, 
but oospores are formed sparsely on it. 

Usually on the above-mentioned agars the hyphae range from 4|U 
to 4.5a in diameter, but sometimes hyphae of irregular diameter 
8a or more across occur. There also are numerous short hyphal 
branches 5a to 15a long. Young branches may be greatly constricted 
where they join the mother hypha, then become broader than the 
latter a short distance from it, and taper gradually to a blunt point. 

When a small piece of agar on which the fungus is growing is placed 
in water sporangia are formed on sporangiophores which are simple at 
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first but later branclied and vary in length from 50^ to 1,000^. _ When 
a sporangium is to all appearances mature a secondary sporaiigiophore 
emerges from the first a short distance below the sporangium. ^ This 
secondary sporaiigiophore elongates until it reaches a short distance 
above the primary sporangium, and then it forms a secondary sporan- 
gium. This process continues until four or more sporangia are 
produced, each a short distance above the other. The sporangia 
thus procluced are lemon-shaped, oval, or elliptical and have a dis- 
tinct papilla, usually terminal but sometimes lateral. Fifty sporangia 
nieasured 25/i to 50/z in diameter, but more commonly they ranged 
from 30 m to 40 m. 

Germination in water is by formation of zoospores.^ These are 
completely formed within the sporangium and emerge from it in a 
mass but scatter almost immediately. Frequently several zoo- 
spores fail to escape through the apical pore with the others. vSome 
of these escape later, but others never do. Usually the zoospores 
remain active for about half an hour and then round off; after a 
short rest period they germinate. 

When grown on malt agar, the oogonia are pyriform or siibspherical 
and measure 18m to 30m by 21m to 31m (50 measured; average, 25.3m 
by 26.7m) • The antheridia are largely paragynous, but sometimes 
amphigynous, and are attached to the lower half of the oogonia. 
They remain distinct and appear to be empty when the oospores are 
formed. 

The oospores are slightly yellowish to almost colorless. They are 
siibspherical and have a smooth w'all 1.0m to 2.2 m thick. The diameter 
measurements were as follows: 


Source of oospores: 

Oospores 

measured 

Unnqe 

Average 

{number) 

(m) 

iu) 

Viejna sinensis 

50 

13.7 to 23.1 by 13.7 to 25.2 

19.6 by 20.2 

Oatmeal agar 

Leoniari’s malt agar™ 

55 

14.7 to 27.3 by 15.8 to 29.4 

21.9 by 22.3 

65 

14.7 to 27.3 by 14.7 to 27.3 

20.3 by 21 

Coni-rneal agar 

50 

14.7 to 26.2 by 16.8 to 27.3 

20.9 by 21.5 


They averaged 20.8m- 

Few chlamydospores were seen. 

The effect of temperature on growth of the fungus was determined 
by growing a single isolate in five petri dishes at each of various tem- 
peratures. On Leoniaifis malt agar the fungus failed to make any 
growth, at 7*^ to C. in 9 days; its optimum for vegetative growth was 
between 26 and 28°, although its growth at 31.5° was only a little 
slower. Oospores wuire formed more abundantly below 25° than 
above. The fungus grew well at 31.5°, but it made very slight growth 
at 35° and died after 3 days. The fungus was also grown on corn- 
meal agar at certain temperatures. At 30°, 25.5°, and 24.6° the 
mycelial colonies averaged 44.3, 40.4, and 40.2 mm. in diameter, 
respectively, in 4 days. The fact that this fungus made fair growth 
on corn-meal agar in 4 days at temperatures up to 30° is important, 
because Tucker (5) used the temperature responses of certain species 
of Phytophthora when grown on corn-meal agar at 26° to 28° for 4 
days in his key for separating them. 
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LIFE HISTORY OF THE FUNGUS 

Just liow the red stem canker fungus attacks plants under natural 
conditions is not entirely clear. The natural assumption would be 
that infection takes place in the root or stem beneath the soil surface or 
near it and that the fungus then gradually progresses up the stem. 
In many instances^ however, there is no evidence to support such an 
assumption. It appears that frequently infection must take place in 
the young growing tissues above ground, since there is no evident 
connection between the lesion and the underground parts of the plant. 

An experiment was performed to learn whether infection could take 
place underground and, if so, whether the fungus could grow up the 
stem into the above-ground parts. Some soil was removed from one 
side of the base of young cowpea plants in 4 pots, a small piece of agar 
on which the red stem canker fungus was growing was placed against 
the underground part of the stem, and the soil was replaced. Two 
pots in which sterile agar was placed against the underground stems 
served as controls. In all, 22 plants were inoculated and 18 were 
held as controls. Only 4 of the inoculated plants and none of the 
controls became infected. In a later experiment performed in the 
same manner 60 percent of the plants inoculated were infected. Evi- 
dently, therefore, infection can take place below ground, although 
under the experimental conditions it took place much more readily 
above ground. When infection did take place underground, the fun- 
gus caused only a very narrow lesion that extended from the point of 
inoculation to a point well above the surface of the soil and then 
broadened out and involved a much greater portion of the stem 
(fig. 3). 

The red stem canker fungus can penetrate the cortical cell walls as 
well as pass between them, especially in young tissue. The hyphae 
are greatly constricted where they pass thi'ough the cell wall. The 
walls of the affected cells as well as their densely granular contents 
are reddish. The presence of so much red in the cells imparts this 
color to the lesions. 

When pieces of infected stem are placed in water, hyphae grow 
out into the water and sporangia are formed. In one instance many 
sporangia had formed in this manner m 16 hours and some had al- 
ready germinated. This suggests that a layer of w^ater on a lesion 
for 16 to 24 hours, and possibly less under conditions very favorable 
for the fungus, would suffice to enable the fungus to sporulate on the 
surface of a plant and reinfect it or an adjacent plant to which the 
zoospores might have been blown or on which they might have fallen. 

TAXONOMY OF THE FUNGUS 

A careful study of the germination of the sporangia of this cowpea 
fungus shows that it belongs in the genus Phytophthora, This fungus 
makes good growth on malt, corn-meal, and oatmeal agars after 6 
days at 20^ 0,, it produces oospores abundantly on these culture 
media, the antheridia are predominantly paragynous, and it makes 
a fair growth on corn-meal agar in 4 days at 26® to 28®. These facts 
place it in the species P. cactorum (heh. and Colm) Schroet. accord- 
ing to the key given by Tucker (S), The red stem canker fungus 
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grows at 27^, forms sexual bodies after being transferred from pea 
broth to distilled water as described by Leoniaii (5, ^9),^ and has 

predominantly paragynous antheridia and papillate sporangia; hence 
it falls into the species P. cactorum in Leonian^s key {5 ) . The cow- 
pea fungus differs from P. cactorum as given in Rosenbaum^s key (7) 
only in that its oospores are smaller. The work of Tucker and 
Leonian, however, make it clear that rather wide variations in the 
size of the oospores are to be expected. Tucker (5, p, 150) gave a 
resume of the measurements reported by various writers for oogonia 
and oospores of P. cactorum. Among the measurements given are 
those by Hartig (5), who stated that oogonia in Fagus sp. measured 
about 20 a 6. Measurements of oospores of P. cactorum given by other 
workers range from 15 m to 45m. 

The cowpea strain of Phytophthora cactorum differs from those 
studied by Leonian {5) in temperature response. Leonian stated 
that 31^^ C. seems to be the upper limit for the growth of this fungus 
and at that temperature growth is very poor. He reported that no 
strain grew at 32.5°. The cowpea fungus made a slight growth at 
35°, but it died in 3 days at that temperature. At 31.5° it grew well. 
Tucker (S) considered 35° to be near the extreme limit for survival 
of P. cactorum. This temperature is also near the extreme or possibly 
a little above that for survival of the cowpea fungus. Tucker h 
strains of P. cactorum made some growth at 5° in 4 days. The 
strain from cowpea made no growth at 7° to 8° in 9 days. Beach's 
(i) strain of this fungus had a mmimum temperature of 7° to 9°, 
which is about the same as that of the cowpea strain. Since the 
cowpea fungus varies in only a few minor respects from P. cactorum 
as conceived by most workers and the variations are within the range 
of variation described by other workers, there seems to be no reason 
why it should not be placed in this species. 

No record of Phytophthora cactorum attacking cowpea was found 
in the literature. This fungus has been reported, however, as being 
parasitic on several other legumes as well as on a wide range of non- 
leguminous plants. 


SUMMARY 

A disease characterized by long, reddish lesions on the stems of 
cowpea plants and often resulting in the death of a part or all of the 
affected plant was found at Experiment, Ga. It is described and 
named red stem canker. A species of Phytophthora was isolated from 
the diseased stems and its pathogenicity was proved. Morphological 
and physiological studies showed that this cowpea Phytophthora idAs 
within the range of the species P. cactorum as now conceived by most 
writers ; hence it is considered to be a strain of that species. 
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THE GENETICS OP MOSAIC RESISTANCE IN NICOTIANA 

GLUTINOSA 1 

By W. D. Valleau 

Plant pathologist^ Kentucky Agricultural Experiment Station 

Nicotiana gluhnosa L, has contributed to the development of varie- 
ties of tobacco (Af. tabacum L.) that, from a practical standpoint, are 
immune to the, tobacco mosaic virus. N. glutinosa, when inoculated 
with the tobacco m.osaic virus, reacts with a necrotic spot at each 
point of entrance of the virus into the leaf, where the virus is usually 
localized. 

Holmes “ demonstrated that N. glutinosa carries a dominant factor 
pair NN for necrotic spotting, and he showed that the factor could be 
transferred to N. tabacum. The writer has developed many varMjes 
of tobacco, including biirley, dark air-cured, and dark-fired, that 
contain the N factor and remain completely free from mosaic in the 
field in spite of inoculation or growing next to aflected susceptible 
plants. Some of these AAv^ varieties (Ky 52, Ky 56, liy 151, and Ky 
160) are being grown commercially with complete success as to type 
of plant, quality of product, yield, and freedom from mosaic. The 
only injury from mosaic, under field conditions, has been when trans- 
plants were inoculated on the stalk with virus from living plants at 
pulling time, or when the midveiii of a leaf was inoculated after rapid 
growth had commenced. Stalk inoculation resulted in a systemic 
necrotic disease that quickly killed the plant, while inoculation of the 
midvein so:metimes resulted in a systemic necrotic disease that pro- 
gressed mure slowly but eventually caused death. Under ordinary 
farm conditions where susceptible varieties become heavily infected, 
the NN varieties show^ no injury from mosaic even though handled 
by men wlio chew or smoke natural leaf tobacco carrying the virus. 

In attempting to understand the genetics of mosaic resistance in 
tliese varieties, questions arose as to (1) whether N. glutinosa would 
develop mottling in case of failure of the N factor to function, and 
(2) if mottling developed whether susceptibility is governed by a gene 
separate and distinct from the N gene. Or, to state the question 
another way, is the constitution of N, glutinosa NN or NN so far 
as its reaction to mosaic is concerned? To answer these questions a 
breeding experiment was set up in which N, glutinosa was crossed 
with a mosaic-resistant biirley in which mosaic resistance had been 
derived from Ambalema, a mosaic-resistant variety from Colomhia, 
South America. In Ambalema, and in the mosaic-resistant hurley 

^ Received for publication April 17, 1948. 

AHoLMES, F. 0. INHEKITANCE OF BESISTANCE TO TOBACCO-MOSAIC DISEASE IN 
TOBACCO. Bhytopatliology- 28: 553-561, illus. 1938. 
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derived from it, mosaic resistance is governed by two recessive factor 
pairs aiai a 2 a 2 that are apparently alleles of the factors for suscepti^ 
bility AiAi A 2 A 2 contained in all mosaic-susceptible varieties of 
iV. tabacmn. If a mosaic-resistant plant carrying the recessive factors 
Uidi ^ 2^2 is crossed with xV. glutinosa and the hybrid made fertile by 
doubling the chromosome number, any seedlings from this cross, or 
from a backcross with mosaic-resistant buiiey, that prove susceptible 
to tobacco mosaic must have received the susceptibility factor from 
N. glutinosa. 

After the initiation of this work in June 1944 a partial answer to the 
first question was given in a paper by McKinney and Clayton ^ in 
which they showed that if, following inoculation with tobacco mosaic 
virus, a plant of N. glutinosa is kept at a temperature of 97° F., 
typical mosaic mottling will develop. It is evident, thereiore, that 
N, glutinosa carries a factor for susceptibility to tobacco mosaic, 
but this did not answer the question as to whether the reaction to the 
N factor had been changed or whether the N factor had simply been 
temporarily put out of operation, thereby allowing a susceptibility 
factor of the A type to operate. 

The hybrid A^. glutinosa NN X mosaic-resistant hurley a2a2 was 
prepared. It proved to be sterile, as is usual with this interspecific 
hybrid. Lateral buds were treated with colchicine imtil finally a 
branch developed that was fertile. N. diglutaf as the new species is 
known, was used as the male parent in a backcross with the aiUi 
a2a2 hurley. Seed set in abundance but failed to germinate except 
for two seeds in a second sowing.^ 

One of the two seedlings of the cross N, tabacum aiUi a2a2 X N. 
digluta NN aiUi ^ 2^2 was grown to matiuity. It gave the necrotic 
reaction and so carried the N factor, and was partially fertile. Two 
hundred five Fo seedlings were grown of which 24 gave the necrotic 
reaction and therefore carried the N factor, 60 were mosaic-susceptible 
and therefore were minus the N factor and carried at least one A or 
A-like factor for mottling, wliile 205 appeared to be nonnecrotic 
spotting but w'ere mosaic-resistant and therefore did not carry either 
the N or A-like factors but only a factors. 

The i*eciprocal cross A^. digluta X N. tabacum produced viable seed. If 
tabacurn chromosomes paired only with tabacum^ and glutinosa only, with 
glutinosa, all gametes of N. digluta should be 24+12 and the progeny 
of the cross N. digluta NN aiai ^ 2^2 X N. tabacum aiai a2a2 should be 
(24+ 12) +24 and contain the N factor from N, glutinosa. All seed- 
lings should develop necrotic spots when inoculated, and it should be 
necessary to grow the second generation of this cross to get- the de- 
sired results. Actually, the seedlings were not uniform. Of 18 

3 H. H., and Clayton, E. E. genotype and temperatubb in 

RELATION TO SYMPTOMS CAUSED IN NICOTIANA BY THE MOSAIC VIRUS. JoilP. 

Hered. 36: 323-331, illiis. 1945. 

^Clausen, R. E. interspecific hybridization in nicotiana. vii. the 

CYTOLOCrY OP HYBRIDS OF THE SYNTHETIC SPECIES, DIGLUTA, V/ITH ITS PARENTS, 

GLUTINOSA AND TABACUM, Calif. Univ, Pubs. Bot. 11; [177J-2I1, iiliis. 1928. 

An exaHunation showed that the endosperm had failed to develop in the 
majority of seeds, leaving a hollow shell. The reciprocal in which 77. digluta 
was the female parent produced fertile seed. The chroniosome number of the 
endosperm in the sterile cross was, theoretically,' 24 + 24 + 36 = 84, while in the 
reciprocal cross that proved fertile it was 36+36+24 = 96 chromosomes. 
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plants growm to maturity and tested for their reaction to the tobacco 
mosaic virus, 17 were without the dominant factor from N, glu- 
tinosa, Of the 17, 16 proved to be susceptible to tobacco mosaic 
virus, as they developed typical mottling, and therefore carried at 
least one A or rl-like factor. One proved to be resistant to mosaic 
but did not develop necrotic spotting, indicating that it did not con- 
tain either the N or -4-like factors but only the recessive a factors for 
resistance of the Ambalema type. All of the backcross plants were 
partially sterile, indicating their hybrid origin. 

DISCUSSION AND CONCLUSIONS 

The Ambalema type mosaic-resistant burley tobacco evidently 
does not contain any factors for mosaic susceptibility, as a single A 
factor for susceptibility has been demonstrated to be dominant over 
three a factors for resistance. Nicotiana glntinosa contains the A^ or 
necrotic spotting factor but when grown at 97° F. develops typical 
rnnsaic mottling. Therefoi'e, the results of the present paper may be 
interpreted as proving that N. glutinosa contains not only the domi- 
nant N factor for necrotic spotting but also a dominant factor for 
susceptibility to mosaic. The temperature studies of McKinney and 
Clayton may be interpreted as showing that a temperature of 97° F. 
makes the N factor in glutinosa temporarily nonfimctional but 
allows the susceptibility factor to operate, with the result that Ah 
glutinosa develops typical mosaic mottling. Mosaic-resistant tobacco 
varieties containing the N factor are essential!}^ mosaic-susceptible 
varieties wuth the N or necrotic spotting factor probably substituted 
for the N' or n'^ factor of N. tahacum but otherwise the genetic make- 
up seems to be identical wdth that of ordinary susceptible varieties 
of N, tahacum, 

A variety of the genetic make-up NN aiOi 0202 should be virtually 
immune to the tobacco mosaic virus because necrotic spots should 
develop so slowly that localization would be complete. This combi- 
nation is still in the process of development. 

® Valleaij, W. D., and Johnson, E. M, an outbreak op plantaoo virus 
IN BURLEY TOBACCO. Phytopathology 33: 210-219, illus. 1943. 
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MORPHOLOGY AND VARIABILITY OF THE CUCURBIT 
BLACK ROT FUNGUS ^ 

By W- F. ChiUj formerly fellow, and J. C. Walker, professor in plant pathology, 
Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 

The cucurbit black rot fungus was fii*st described by Fautrey 
and Rouxneguere {17) ^ on a Chinese variety of cucumber in France in 
1891 and designated as Ascochyta cucumis. A little later in the same 
year Passerini {18) described the fungus Didymella melonis on Cucumis 
melo L. in northern Italy without knowledge of its association with 
Ascochyta, while Chester {2) described the same fungus on Citrullus 
vulgaris Schrad. in Delaware under the name Phyllosticta ciiruUina 
without recognizing the ascigerous stage. After further study in 
Delaware, C. O. Smith {19) (1905) named it Ascochyta cifrullina. 
When he discovered the ascigerous stage, he described it as Sphaerella 
citrullina. Grossenbacher {4) designated the imperfect stage of the 
fungus a member of the genus Diplodina, and referred the ascigerous 
stage to the genus My co sphaerella. Potebnia {14) reported a fungus 
on Cucumis melo L. imder the name Ascochyta melonis which was 
considered to be closely associated with Didymella melonis Pass. 
He was of the opinion that A. citrullina (Chester) C. O. Sm. on water- 
melon was a form, intermediate betw^een A. cucumis Fautr. and Roum. 
and A. melonis Poteb. As a result of further studies on Fautrey’s 
collection, Keissler {10) considered the three names to be synonyms, 
and recognized Ascochyta cucumis Fautr. and Roum. as the first valid 
name for the imperfect stage. It is interesting to note that Ferraris 
(5) published a species on Cucumis melo L. in the northern part of 
Italy under the name of Sphaerella melonis and claimed that the asci 
are nonparaphysate. The description of Ferraris^ Sphaerella melonis 
showed that it is the same fungus as Passerini’s Didymella melonis 
and of C. O. Smith’s Sphaerella citrullina. There is no specific differ- 
ence between either one of the European forms and the American 
fungus. 

The pleomorphism and vai*iability of this fungus were the cause 
of some of the confusion in its early classification of the imperfect 
stage. Chester {2) described it as Phyllosticta citrullina on account 
of its continuous spores, while Keissler (R9), in studying Fautrey’s 
collection on Cucumis melo L., failed to recognize the micropycnospore 

^ Received for publication April 19 , 1948 . 

2 The writers are indebted to W. C. Snyder for suggestions made during the 
course of the investigation, to J. P, Stauffer for advice and assistance in conducting 
the irradiation experiment, and to Eugene H. Herrling for assistance in preparing 
the illustrations. 

^ Italic numbers in parentheses refer to Literature Cited, p. 101. 
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stage as a phase of the fungus, and thought it to be Phyllosticta 
orbimlaris EIL and Ev. More recently, Wiaiit out tlnyt 

there is considerable variation in, the size of p^^cnidia and perithecia 
and in the relative abundance of nonseptate spores. He also observed 
that the extent of sporiilation varied in different isolates. 

The present study is concerned with the variability of the mor- 
phology and cultural characters of the cucurbit black rot fungus. 
It is shown that the proper binomial of the fungus is Alycosphaerella 
cucmnis (Faiitr. and Roiini.) nov. comh. 

EXPERIMENTAL RESULTS 

SOURCE AND CHARACTERISTICS OF CULTURES 

The black rot disease was found to be endemic in a watermelon- 
growing area near Merrimac, Wis. Vines of the Hawkesbiiry variety 
of watermelon were collected on August 27, 1945, and from these 
tissue-fragment cultures were made. On September 13, 1945, speci- 
m.ens containing both pycnidia and perithecia were obtained from the 
same source. Single-spore cultures from ascoespores and from pycno- 
spores were made. The isolates from pycnospores were of two types. 
One type sporulated very sparse^; the other produced pycnidia 
promptly and abundantly. The first type was designated as A and 
the second type as As. 

Successive transfers of the aerial mycelium of As isolates resulted 
in cultures similar to A. On the other hand, As sectors appeared 
suddenly and rather frequently in A cultures. From mature peri- 
thecia in such sectors 54 single ascospores were picked. The colonies 
which resulted fell into 4 groups. About 8 percent were vl.8 type; 
about 85 percent were of a type designated as B~a; about 2 percent 
were of a type designated as B-la; and 5 percent were referred to as 
type B~b, The cultural characters of the 5 types are described briefly 
as follows: 

A. — x4erial mycelium vigorous, white, becoming gray with age; submerged 
mycelium dark olive to black; growth fairly rapid; usually sterile; sectors of As 
type with fruiting bodies appearing frequently, 

As.— “Aerial and submerged mycelium identical with tliat of A, aerial ni 3 melium 
turning gray more rapidly; growth fairh^ rapid; abundant dark to black pycnidia, 
perithecia, and “pseudoperithecia.” 

B-a . — "Aerial rnycelium usually absent, ve^v seant^y when present; submerged 
mycelium hyaline at first, becoming dark olive to black; nimierous small pycnidia, 
light brown at first, turning brownish black; black perithecia and “pseudoperi- 
thecia’^ appearing abundantly later. 

R-la.— Aerial iWYcelium absent or sparse; submerged mycelium hyaline at 
first, becoming olive green to greenish black ; numerous large' p^^ciiiclia produced 
promptly; perithecia and ‘hseudoperithecia” appearing late and sparsely. 

R-t.— Original character intermediate between B~a and x4s, later changing to 
As, ^ ■ 

The types mentioned above and certain other types described later 
are illiistrated in figure 1. 

PYCNIDIAL STAGE 

There is evidence in certain species of Mycosj)haereUa ihA 
conidia function as spermatia. The earliest record of the so-called 
spermagonium was made by Higgins (6) (1914) in M. nigerristigma 
Higgins. Klebahn (iS) applied the name micropycnidia to the small 
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conidia in M . hieracn (Sacc. and Briosi) Jaap. Snyder (^0) pointed 
out tliat the so-called pycnospores of M. brassicicola (Fr.) Lindau did 
not germinate under the conditions studied and suggested that they 
probably were spermatia. There is no evidence as yet that micro- 
pycnospores of Mycosphaerella having an Ascochyta stage function as 
spermatia. ^ 

Pycnidia bearing either micropycnospores or macropycnospores 
were present constantly in the sporulating cultures of Mycosphaerella 
cucumis studied. Production of one or both types on certain media 
varied wuth the strain of the organism. In general, pycnidia bearing 
microspores could be induced in A cultures by ultraviolet irradiation 
on potato-dextrose agar, while in cultures they were produced 



Figure l.—Seyen-day cultures of variants of Mycosphaerella cucurnis. 
.T, Growth on oatmeal-dextrose agar, y. Growth on potato-dextrose agar. The 
strains are indicated as follows : 1, As (wild type) ; A; 3, A~l; 4, A-B; 5, A~Bs; 

6, B-a; 7, B~b; 8, BMa; 9, B~lh; 10, B-3, 
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naturally on botli potato-dextrose agar and oatmeal-dextrose agar. 
In B-(i and B-la cultures both types of pycnidia occurred on oatmeal- 
dextrose agar, but only p^mnidia producing microspores occiirred on 
squash-extract agar. On potato-dextrose agar, microspores pre- 
dominated ill B-a cultures and macrospores in B-la cultures. ^ The 
sizes of pycnidia and p3mnospores are compared in table 1, It is evi- 
dent that pycnidia varied greatly in size on culture media. The range 
of size of pycnidia from naturally infected watermelon stems was 
somewhat narrower (50 fx-lbO J), The size and shape of pycnidia from 
several sources are illustrated in figure 2. 


Table 1.- -Measiireanenfs of pycnidia and pycnospores of variants of MycosphaereUa 

cuenrnis 


Measurement 


Asar 

medium 


Diameter of pycnidia... 


! Potato-dex- 
! trose. 

10 at meal - 
; dextrose. 
Squash-ex- 


tract. 


Width and length of micropycno- 
spores. 


WMdth and length of macro- 
pycnospores. 


[Potato-dex- 
I trose. 
lOatmeal- 
dextrose. 
!Squash-ex- 
! tract. 
'Potato-dex- 
trose. 

Oatmeal - 
, dextrose. 


Eange and mode of size in variants indicated 

A 

.4s 

P-a 

P-la 

Microns 
90-200 1 

Microns 
80-180 

Microns 
60-150 

Microns 

60-170. 

85-330. 

80-180. 

2.5- 5 X 4-9. 

1.6- 2.5 X 5-9. 

1 2.5-5 X 5-14. 

5-5.5 X 9-13 

60-200 

80-200 




70-160 

1.5-3 X 4-8, . 

2-2.5 X 6-9-. 

1.5-3 X 3-9.. 

1.5-3 X 3-9. . 

2-4 X 4-10... 

2-4.5 X 4-9.. 

2-3 X 6-8-.. 





5-7 X 10-13- 


..11 


^ Produced by irradiation with ultraviolet. 


Most of the pycnospores obtained from naturally infected material 
were nonseptate, with a size range of 2.6pL~4:.5pL x hp-lOp, Variation 
in septation of pycnospores of all the isolates was considerable on 
culture media. Pycnospores could be divided as to size into two 
classes, designated herein as micropycnospores and macropycnospores. 
The size range of the micropycnospores was quite similar in the variant 
types and on the difihrent media used. Generally speaking, the 
micropycnospores were unicellular. The macropycnospores of B-la 
were mostly uniseptate and occasionally biseptate, while the macropy- 
cnospores of B-a were mostly nonseptate. In a reisolate of B-1 a type 
from overwintering watermelon stems all pycnospores were uniseptate. 
There was no relation between size of pycnidium and size of spore 
produced. Some very small pycnidia produced macropycnospores 
and some large pycnidia produced micropycnospores. A few micro- 
spores sometimes appeared in a pycnidium in which macrospores 
predominated but the reverse was not noted. The small pycnidia of 
B-a on oatmeal-dextrose agar and the larger pycnidia of on the 
same medium produced mostly macropycnospores. 

The micropycnospores and macropycDospores did not appear to 
differ in function. They were equally germinative and developed 
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Figuee 2,— Yariation in size and shape of pycnidia. 1 , ^s, wild type on water- 
melon stem; type on oatmeal-dextrose agar; 3, A type on potato-dextrose 
agar after ultraviolet irradiation; 4^ B— la type on oatmeal-dextrose agar; 
Sj B-1 a type on squash-extract agar; B-a type on squash-extract agar; 

7, B-a type on oatmeal-dextrose agar; “pseudoperithecia” of B-a type on 

, oatmeal-dextrose agar. 
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into colonies true to tlie type from which they were taken if no muta- 
tion occurred. Later studies on the development of ptuithecia did not 
indicate that the niicropycnospores were concerned with fertilization. 

Types of pycnospores are shown in figure 3. 

ASCIGEROUS STAGE 

Grossenbacher flf) studied the perithecia from diseased muskmelon 
and recorded their diameter as ranging from lOOju to 165/.t. Recently 
Wiant { 24 ) observed the perithecia from several ciircurbit species and 
found them to vary in diameter from 71^ to 224/x. The dark-brown 



Figure 3.— IT, Old myeeliuin of As type on potato-dextrose agar. X, Variation 
in size, shape, and septation of pycnospores : i, from naturally infected water- 
melon stem type on oatmeal-dextrose agar; S, B~a type on squash- 

extract agar; 4, 15-1 a type on squash-extract; 5, B-la type on oatmeal-dextrose 
agar; 6y B-la reisolate after overwintering on watermelon stem; 7, B~a type on 
oatmeal-dextrose agar, V, Micropycnpspores germinating (24 hours at 24° C.) 
in 2 percent orange extract. Z, Macropycnospores germinating (24 hours at 
24° C.) in 2 percent orange extract. 
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to black color and the globose to inverted oval shape have been 
recorded in all descriptions since Grossenbacher (4, 13, 24)- the 
present investigation the perithecia were mostly globose to subglobose 
either on naturally infected watermelon stem or on culture media. 
The mature perithecia were dark brown to black. They were partially 
embedded or erumpent in the diseased tissue and on culture media. 
Measurements of perithecia, asci, and ascospores given in table 2 
show that the perithecia were largest in B~a and B~la cultures. The 
sizes of asci and ascospores were about the same in all isolates. 


Table 2. — Average meamrements of perithecia, asci, and ascospores on waiermelon 
and on oatmeal-dexirose agar 


Organ 

From water- 
melon stem 
canker 

From the isolate indicated grown on oatmeal- 
dextrose agar 


B~a 

B~la 


Microns 

Microns 

Microns 

Microns 

Perithecia ' 

90-120 

75-125 

78-190 

70-230 

Asci..., : 

6-10X50-70 

8-10X55-88 

0-9X65-80 

8-12X55-80 

Ascospores _! 

4. 5-0X8-15 

5-7X12-15 

l}-9X12-15 

5-7. 5XU-15. 5 


The fascicled asci were hyaline and each asciis contained eight 
bicelled fusiform ascospores either m one or in two series. Many 
mature perithecia were studied. No paraphyses were found among 
the asci. However, in young perithecia there were paraphysislike 
structures which were close to those illustrated by Klebahn (13) for 
Didy nulla lycopersici, Perithecia of different ages were picked and 
studied. It was found that in certain young perithecia such para- 
physislike striictiires were more numerous than asci while in older ones 
they were less common or absent. Since the asci did not all mature at 
the same time and since abortion was common, these structures were 
regarded as immature or abortive asci and not as true paraphyses. 

A peritheciumlike fruiting body was always found associated with 
the perithecia in agar cultures, usually being produced slightly earlier 
than the perithecia. Such structures were indistinguishable from the 
true perithecia in shape, color, and size (llO/i-lGO/i) . Instead of asci 
and ascospores, there were produced within, spores in chains which 
separated later. Spores were of one to three, mostly two ceUs, hyaline, 
nearly spherical, and to X 19ju in size. They were discharged 

from the fruiting body along with granular material. Since the in- 
ternal structure of the fruiting body was distinct from that of the 
perithecium, the name pseudoperithecium was applied. 

Various phases of the ascigerous and pseudoperithecial stages are 
illustrated in figure 4. 

DEVELOPMENT OF FRUITING BODIES 

The developmental history of the fruiting bodies has been studied 
in other species of Mycosphaerella (6, 7, 1^5), but the details of the 

development of perithecia of M. have not been reported 

previously. Study of several hundred monosporic isolates revealed 
that this fungus was strictly homothallic. The prompt development 
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of pycnidia and perithecia in all fertile cultures facilitated the present 
studies. Observations were made on the cultures seeded at one side 
of oatmeal-dextrose agar plates. A young B~a culture was used 
because all three types of fruiting bodies were produced, aerial myce- 
lium was absent, and the submerged mycelium grew relatively slowly. 
Sketches were m.ade with the aid of a camera lucid a. 

Form.ation of pycnidia was initiated by the looping of the end of a 
main hypha or of its branch (fig. 5). As a rule, septation of the loop- 
ing hypha increased as the size and nuinber of coils increased. By the 
time three to five loops had formed, numerous slender hyphae with 
dense cytoplasm were developing from the inner surface of the en- 
tangled loops. These slender hyphae were possibly pycnosporal 
primordia which later developed into pycnospores. When more loops 
developed and a young pycnidium took form, the hyaline m.ycelium 
changed to yellowish brown. As maturity was approached, the color 
turned darker. The loops of a pycnidium. in certain cases were con- 
tributed by different hyphae from the sam.e thallus. One character- 
istic of the mycelium which was destined to form pycnidial loops was 
the presence of many swollen cells in the older part of the thallus. 
Such cells were elliptical or oval in shape and had very thin walls. 
The contents appeared to be very dilute and a few seconds’ exposure 
outside the culture dish resulted in their immediate collapse. The 
early stage of loop formation was observed in both sporulating and 
nonsporulating isolates. In the latter the development ceased at the 
formation of loops and without the formation of pycnosporal 
primordia. 

The first step in the developm,ent of perithecia was the formation 
of a terminal ascogonium that was nonseptate and had very dense 
cytoplasm (fig. 5). The ascogonium.-bearing hypha was either 
straight or coded. The antheiidial hypha originating from a neigh- 
boring thick hypha of the same thallus was long and slender with 
granidar, usually hyaline, cytoplasm. As the antheridial hypha made 
contact with the ascogonium, the latter began to become septate and 
coil around the terminal swelling of the former. The behavior of 
the nuclei was not studied. After intensive coiling and septation of 
the cells below the terminal cell, a rudim.entary perithecium began 
to take form. The color of the external cells then turned olive brown. 
Accessory hyphae were sometimes observed. Because of the slender- 
ness of these accessory hy^phae, they were suspected of being tri- 
ck ogynes characteristic of certain other species of Mycosphaerella, 
but they were not visible at the time of contact of antheridium and 
ascogonium. Mature perithecia were finally observed, presumably 
after fertilization of the ascogonia. 

In culture, the ascogonium sometimes faded to make contact with 
the antheridial hypha. In such cases, the mature ‘^perithecia” 
failed to produce any asci and ascospores and, instead, chains of 
ascosporelike structures were formed. Further study would be neces- 
say to establish whether or not there is a positive correlation between 
failure of the initial to develop into a perithecium and lack of fertiliza- 
tion. The chains eventually separated into sporelike bodies, each 
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Fiqube 5.-DeYelopment of sexual and asexual fruiting bodies in a culture 
on oatmeal-dextrose agar. X, Formation of pycmdium: 1, fertile njpiiae, 
S earirstagrof loop formation; 4-7, stages in development of pycnosporal 
n’rimor^'a ^F, Formation of perithecium and pseudopenthecium. J, coiling 
ascogonium; antheridial hypha making contact with an Mcogonium, 3, s^ell- 
in^tin of the antheridial hypha with the ascogonium coiling around it, 4, 5, 
e.piosfetilization stages; 7, 8, nonfertilized ascogoma developing into pseudo- 
peritliecia. 
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consisting of one to three cells. The cells were rouglilj spherical and 
the content was not so dense as that of ascospores. In reality these 
structures were homologous with pycnidia and pycnospores. In this 
paper the terms ^^pseudoperitheciiim^’ and ‘^pseiidoascospore’^ are 
applied to them. 

SPORE GERMINATION 

Pycnospores, ascospores, and pseudoascospores germinated readily 
in hanging drops of 2 percent orange extract (figs. 3,4). Germination 
was very poor in sterile tap water. 

The first step in the germination of pycnospores was the swelling 
of the cell to several tim.es its original size. The second step was the 
formation of a hyaline germ tube. In the case of micropycnospores, 

globular cell was usually formed at the tip of the germ tube, which 
either sent out a slender thread perpendicular to the axis of the germ 
tube or continued to grow" and form another globular structure at 
the tip. In the case of macropycnospores, each cell of the bicelled 
spore sent out a germ tube wdiich either remained nonseptate and 
nonbranched or became septate and branched immediately. Branch- 
ing occurred at any point along the germtube. Secondary sporelike 
structures were sometimes found on the terminals of side branches 
similar to those observed by Grossenbacher H), The ascospores and 
pseudoascospores germinated in the same manner as pycnospores 
except that there wms no secondary sporelike structure at the tip of 
hyphae. 

VARIABILITY OF CULTURAL CHARACTERS 

In his recent studies of the black rot fungus, Wiant {21}) reported 
isolates having various sporulating capacities and different cultural 
characters. In this investigation spores and hyphae were stained 
■wuth 1 percent crystal violet for 1 minute, and^tlie surplus stain was 
removed with distilled wmter and blotting paper. The preparation 
was cleared with 1 percent picric acid and then with clove oil. The 
cells of ascospores and pycnospores were shown to be uninucleate 
and those of the mycelium multinucleate. Since the fungus was 
homothallic and since individual thalli arose from uninucleate cells of 
spores, the nature of variability of the fungus was of particular inter- 
est. 

Monosporic Isolations 

The sporulating strains, As^ B-a, and B-la, were grown on oatmeal 
dextrose agar because of the profuse and early production of fruiting 
bodies. In general, pycnospores wnre picked from 7-day cultures and 
ascospores from 15-day cultures. The method was that used by 
Keitt and Langford (ll), but no attempt was made to isolate the 
ascospores in their natural order. 

A very dilute suspension of pycnospores was sniearecl over the 
surface of a potato-dextrose agar plate with a sterilized glass spatula. 
This seeded plate was incubated overnight at 24 C. When the 
germ tubes were beginning to protrude, spores were picked with a 
specially prepared glass needle under a binoGular microscope. Only 
distinctly germinating spores were transplanted on oatmeal-dextrose 
agar plates. Six spores were usually arranged in a circle on one plate. 
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Tbe incubation temperature was maintained at 24^. The cultural 
cbaracters of the isolates were recorded and compared at the end of 
1 week. Those with the same characters were grouped and given 
the same nimiber. 

The first picking of 100 ascospores from the strain yielded 99 
B-a colonies and 1 As colony. The single As* colony was transferred 
to oatmeal-dextrose agar and from it 112 ascospores were picked, of 
which 96.4 percent produced As colonies; 1.8 percent produced A 
colonies; 1.8 percent were of a new type, designated as A-1, which 
was a sterile albino with aerial mycelium similar to that of A and A,§. 
Each of 224 pycnospores picked from the original As strain yielded 
an As colony. Variants appeared to arise only from ascospores in 
this set of experiments, but the lack of variants from pycnospores 
may have been due to the relatively small number observed. 

From 108 ascospores from strain B-a^ only B-a colonies developed. 
From 80 ascospores from a B-a culture derived from an ascospore in 
the first picking only B-a colonies developed. About 20 percent of 
the^ B-a colonies were lighter in color than the rest. They were 
designated as B-a(l) and the others as B-a{cl). From 104 pycnos- 
pores isolated from a B~a(l) colony, 95 percent yielded B-a(l) a^nd 
5 percent B~a(d) colonies. From 112 pycnospores selected from a 
B~a{l) colony of the previous picking,. 98 percent of the colonies 
were B-a{l) and 2 percent were B~a(d). It appeared that B~a(l) 
was a mutant from B-~a{d) and tended to throw frequent B-a{d) 
mutants. 

From 140 ascospores from a B-la culture all colonies were B~la, 
In 3 successive monopycnosporic isolations covering a total of 416 
colonies, all were true B-la type. 

Since the B-b culture in its early stage of growth showed a mosaic of 
characters of B-a type and A^^ type and later developed As characters 
entirely, it was thought that possibly it came from an As ascospore 
but that a B-a mutation occurred in one of its young hyphae, and the 
mutant character was overrun by the rapid growtli of the A« of the 
mycelium. This supposition was shown to be true by a study of 
monoascosporic isolations from B-b type. From 75 monosporic 
colonies, 23 percent were As and 77 percent were B-a. No homo- 
geneous B-b type cultures were secured by monoascosporic isolations 
from A5 or B-a type, 

A diagrammatic summary of the type of culture secured by a study 
of single-spore lines follows: 


-As- 


B^a (d)~ 


B-la- 


FAs 

"(asco.) — > n«~(aseo.) 

LAA 

''B-a 




t (asco.) — 
(pyctio.)- 


c 


Ujsr 

r B-a (d) 

B-a (rf)— (asco.)->| 


t (asco.) 

(pYCno.)-^ B-a (d) 
p(asco.)™~-» B-la 
(pycno.)-> B'/a— (pycno.) B-la- 


LB-a 0)— (pycno. 


LB-a 


0)“(pycno.)-» 

id) 


1 


-(pycno.)-> B-la 


PB-a (0 
LB-a (d) 






Lb-&- 


•(asco.)' 
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Isolation BY the Dilution-Plate Method 

In order to observe a comparatively large population during a 
brief period^ the dilution-plate method was used. Although this 
method had the disadvantage that two or more sporalings might 
grow together to form a single colony, the population that could be 
observed for variation was much greater than when individual spores 
were picked. Monosporic As and B-la cultures were used in this 
test. The spore suspension of each culture was so adjusted that 1 
milliliter of sterile water contained approximately 50 pyciiospores of 
B-la or 25 spores of As. One milliliter of the prepared spore suspen- 
sion was pipetted aseptically into the oatmeal-dextrose agar plates 
and was made to spread evenly over the surface. Twenty plates of 
As and 30 plates of B-la were made. All plates were incubated at 
24® C.j for 7 days in the case of B-la and for 15 days in the case of As. 
The total number of colonies estabhshed in each plate was counted, 
and any colony that was slightly different from the parent culture in 
color and growth was recorded and isolated for further comparison 
both by mass transfer and by isolation of monopycnospores. 

The total of resulting colonies from As was 371, of which 3 percent 
were A type, 1 percent were B-lb type, and 96 percent were As type. 
B-lb type was very similar to B-la type, except that it assumed a 
deep olive-green color at an early stage of development. The differ- 
ence between B-la and B-lb types corresponded exactly to that be- 
tween B-a (!) and B-a '(d) types. Some inonopycnosporic isolates 
of B-lb were uniform for type characters. Dilution plates of a B-la 
culture yielded a total of 1,585 colonies, of which 0.4 percent was B-lb 
type and 99.6 percent B-la type. A pycnospore suspension of a B-lb 
culture was prepared as in the case of B-la and 100 dilution plates 
were made. Each of 5,126 colonies which developed was B-lb type. 
From this study it was evident that in monosporic cultures of As the 
type and number of mutants was greater than in B-la cultures. The 
difference in color of B-la and B-lb at the early stage of development 
was slight, and it disappeared as the colonies grew. The results with 
the dilution-plate method were similar to those obtained from mono- 
sporic isolations. 

Isolation of Mycelial Cells 

The frequent occurrence of As sectors and the sudden appearance 
of As fruiting bodies in A cultures led to consideration of the variabil- 
ity arising from nuclear changes in mycelial cells. Since the A culture 
was obtained from early monosporic isolations, the purity of the culture 
was beyond question. The problem to be solved was the uniformity 
in the genotype of the cells of the mycelium that might be detected 
by phenotype analysis. In order to render such study feasible, the 
isolation of mycelial cells at random was carried out. 

Two A cultures from monopycnosporic isolation from the natural 
host substrate were available. One was 1 year old, the other was 
1 month old. The mycelium of these cultures w^as removed and 
washed several times with sterile water. The washed mycelium from 
one plate culture of a given isolate was minced aseptically for 15 
minutes in a Waring Blender. To 1 ml. of the resulting mycelial 
suspension was added 9 ml. of sterile water. Then with the aid of a 
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sterile glass spatula, one drop of the suspension was smeared over a 
potato-dextrose agar plate. The technique for picking spores was 
again used in the picking of mycelial cells. Only those pieces of hyphae 
which consisted of two to three cells were picked and transplanted to 
oatmeal-dextrose agar plates. Plates were incubated at 24'^ C. and 
records were taken at the end of the seventh day when fruiting bodies 
were appearing on certain colonies. 

In the case of the 1-year A culture, a total of 96 pickings was made. 
Only 24 percent of these pickings developed into colonies. Among 
the developing colonies, 87 percent were As type and 13 percent A 
type. A total of 53 pickings was made from the 1-month A culture. 
All of them developed into colonies, of which 68 percent were As 
type and 32 percent A type. The variation of the A type culture to 
the As type and vice versa occurred naturally and spontaneously. 
It was not possible to separate these 2 types and propagate them in 
their own characters indefinitely. 

KELATION OF MEDIUM TO GROWTH AND SPORULATION 

In an attempt to induce sporulation of the fungus, Wiant (^4) em- 
ployed a number of media ihcluding corn-meal agar, oatmeal agar, 
and cucurbit stems. Sporulation was scant in each of these, only a 
few fruiting bodies appearing occasionally. In the studies just re- 
ported sporulation was governed by genetic factors. However, it 
was of interest to determine whether sporulation in the sterile type A 
could be induced by the nutrient. The agar media used are listed in 
table 3. Dextrose and peptone were used at the rate of 10 grams per 
liter. Other ingredients were used at rates indicated elsewhere (16), 

Table 3. — The effect of various agar media on sporulation of an A type culture of 

Mycosphaerella cucumis 


Medium 


Potato 

Potato-dextrose. 

Potato-peptone 

Corn meal I 

Corn i.neal-de.\trose~ 

Corn meal-peptone k. 

Czapek’s solution 

Czapek’s solution-dextrose 

Czapek’s solution-peptone 

Czapek's solution dextrose-peptone.. 

Bean... ■ 

Bean-dextrose..... . 

Bean-peptone 

Bean-dextrose-peptone. _ , . 

Oat-paste.. Ik.d.I 

Oat-paste-dextrose 

Oat-paste-peptone. "Ihh'Ik 

Oat-paste-peptone-dextrose. - - - . 

None.. 

Dextrose.... . 

'Peptone.—.., 

Dextrose-peptone.. 1 


Average 

growth 

rate 

Color of the substrata] 
mycelium 

Aerial 
mycelium 2 

Sporulation 
at 144 
hours 

Mm. per 
hear 

0 . 53 

Pale olive 

4. 


None. 

.91 

Dark greenish black 


Do. 

.84 

Salmon. . . 

+4. 

A few. 

K 75 

Pale olive 



Nomu 

.72 

Greenish black 



A few','* 

.79 

Salmon to brownish 

+4+ 

Sparse. 

K 90 

Colorless, 

— 


None. 

.79 

Dark olive.. 

4.44. 

Sparse. 

.53 

Salmon. 

+44. 

None. 

.86 

Yellowish brown 

4-44.4- 

Sparse, 

.86 

Brownish olive 

_ 


None. 

.97 

Dark olive green 


- 

Spar.se.'* 

.67 

Purplish 

-f-b- 

- 

None. 

.79 

Brownish 


- 

Sjiarse.** 

.92 

Dark greenish black 

4.4- 

. 

Abundant.^ 

.79 

Dark greenish black 


- 

Do.a 

.79 

Pale yellowish brown 


- 

None. 

.92 

Brown . 

4.4+4. 

-Abundant. 

1.57 

Colorless...., 

— 


None. 

.82 

Pale olive 

_ 


Do. 

.39 

Salmon 

++4- 

Do. 

.90 

Brownish..,., 

++-b'l~ 

Do. 


1 Mycelium was weak and sparse. 

3 :^==none; f to -f indicate increasing amounts of aerial mycelium 
3 Primordial and mature perithccia also occurred 
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An A culture from a monopycnosporic transfer from the As type was 
used. Five plates of each culture medium were inciibated at 24° C. 
for 144 hours. Sporiilation, rate of growth, color of the submerged 
mycelium, and extent of aerial mycelium were recorded. 

The results in table 3 show that the growth was most rapid when 
dextrose was present. In a synthetic medium, such as Czapek^s 
solution, best growth occurred with dextrose and peptone. The 
peptone-dextrose effect was less significant in media rich in organic 
materials. The presence of dextrose induced olive to greenish-black 
color while peptone induced salmon to purplish-brown color of sub- 
merged mycelium. Peptone usually induced more vigorous aerial 
mycelium than dextrose, but the most abundant development occurred 
when both were present. 

Sporulation was relatively abundant only on oat-paste agar and 
when dextrose alone was added to the latter, but it was prevented 
when peptone alone was added. When dextrose was added with 
peptone the inhibitive effect of the latter was prevented. Sparse 
sporulation occurred on bean-peptone dextrose and on corn meal- 
peptone agar; it was rare on corn meal-dextrose and potato-peptone 
agars. When sporulation occurred, the cultural characters were 
very similar to those of As cultures. In earlier experiments it was 
shown that pycnidial loops occurred in all sterile cultures but devel- 
opment usually ceased before sporulation. It is possible, therefore, 
that the presence of certain nutrients or growth factors in the media 
mentioned enabled the A mutant to become as fertile as the wild 
type, As. Evidence has already been presented that the As type 
might exist in A cultures without expressing itself; it is possible, 
therefore, that the oat-paste medium promoted the growth and ex- 
pression of the As type which was already present. Nevertheless, 
when the above media were used for culture of other sterile strains 
(A-l, A-2, and no sporulation was ever observed, although 

pycnidial loops were common. This difference may be due to a 
difference in the nutritional requirements of mutants. 

EFFECT OF IRRADIATION ON SPORULATION 

The effect of irradiation on the sporulation of fungi has been re- 
ported by Stevens 2S) and by Kamsey and Bailey {15), In 

the present investigation 7-day A cultures on potato-dextrose agar 
plates, showing vigorous aerial mycelium, were irradiated with a 
mercury-quartz lamp (Westinghouse Sterilamp). The plates were 
placed 6 inches below the souice of light with covers removed. The 
intervals of treatment were }{>, 1, 5, 10, 15, 20, 30, and 40 minutes. 
After the treatment, all plates were kept in complete darkness at 24° C. 
The nonirradiated plates served as controls. On the fourth day 
after irradiation, sporulation occurred in plates irradiated 1 minute 
to 40 minutes, being most abundant in the 15-, 20-, and 30-minute 
treatments. the control plates showed a trace of fruiting 

bodies. T^ aerial mycelium of the irradiated cultures had all 
turned gray and collapsed while abundant black pycnidia appeared 
amongst the collapsing mycelium. The pycnidia were very similar 
to those of the As culture. 
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A series of experiiiieiits was then carried out on the media listed in 
table 3. In addition to sporulation on oat-paste agar, as shown 
earlier to occur without irradiation, the amount of sporulation was 
increased on those media in which it occurred only sparsely without 
irradiation. The most significant effect, however, was on potato- 
dextrose agar on which no sporulation occurred nornially. A slight 
amount of sporulation appeared on corn-meal agar. The relative 
number of perithecial primordia remained constant on oat-paste agar, 
oat-paste-dextrose agar, and bean-dextrose agar in both irradiated 
and nonirradiated plates, but the maturity of the perithecia was 
hastened and the proportion of mature perithecia to pseudoperithecia 
increased with irradiation. When potato-dextrose agar plates were 
irradiated before they were seeded, no sporulation occurred in the 
subsequent culture. When As cultures were irradiated, the amount 
of sporulation was not affected. 

INDUCTION OF MUTATION BY IRRADIATION 

Since spontaneous mutation was observed frequently in the A and 
-As cultures, the possibility of increasing the frequency and direction 
of mutation by irradiation with ultraviolet rays was considered. The 
mercury-vapor type of lamp (General Electric AH-6,100 watts, and 
500 volts alternating current) was employed. The wave length was 
2,634 A. and the constant temperature in operation was 25^^ C. A 
pycnospore suspension from an As culture at a density of approxi- 
mately 7,500 spores per milliliter of sterile distilled water was used. 
Ten milliliters of the spore suspension was pipetted into the radiation 
cell. Before irradiation, 0.2 milliliter was drawn out from the cell 
and diluted in 100 milliliters of sterile distilled water as a control. 
After starting the iiTadiation, 0.2 milliliter of the spore suspension 
was drawn out and diluted at 10~minute intervals up to 80 minutes. 
From each dilution of these treatments 10 plates were prepared with 
1 milliliter of suspension. All plates were incubated at 24° and records 
were taken at the end of 6 days. Special attention was given to 
types of colonies that had not been observed previously. 

The percentage of viable spores yielding A, As, or B-b cultures 
decreased rapidly as the duration of irradiation increased. The 
mutant, A-1, previously observed in monosporic isolations, appealed 
regularly throughout the treatments. B-lb type, which had been 
isolated by the dilution-plate method from B-la cultures, appeared 
at 10-minute radiation. Three mutants {A-^, A-Bs, and B-3) which 
had not been observed before, were found. A-S appeared first after 10 
minutes' irradiation but was more frequent after 30 to 60 minutes. 

9 appeared only once and then after 70 minutes' irradiation, while 
B-3 appeared at between 40 and 50 minutes. A-3 and were 
quite similar; the former was a sterile albino, the latter sporulated 
and was white at first, turning brown with age. The pycnidia pro- 
duced in were peculiar in type, since they were usually grouped 
together to form sclerotiumlike bodies in which several pycni£a were 
united at the base but were distinct otherwise and had distinct 
ostioles. The black sclerotiumlike bodies were 0.5“3 millimeter in 
diameter. The mass of pycnospores discharged at the ostioles was 
whitish instead of the usual grayish salmon. Type B-3 grew very 
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slowly and had thick velvet}^ to woolly aerial mycelium. Both aerial 
and submerged mycelia assumed a purplish-brown color. No mature 
fruiting bodies were observed, but microscopic study revealed that 
the loop formation characteristic of the early stage of normal pycnidial 
development was present. Nevertheless its development stopped 
before the formation of a pycnidial wall. Colonies of the mutants 
described above are illustrated in figure 1. 

As shown in figure 6, the percentage of killing caused by irradiation 
increased rapidly up to 20 minutes. The differences in the percentage 
of killing at intervals above 20 minutes were not significant. The 
percentage of mutants in the surviving spores increased rapidly up to 
40 minutes’ exposure beyond which the rate slowed down. The dif- 



OF IRRADIATION (MINUTES) 

Figure 6.— Effect of Irradiation on killing and on mutation of pycnospores of 

MyCosphaereUa cucumis. 
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fereiice in percentage of mutation at 70 to SO niinutes anci 40 to 60 
in.iiiiites is probably not significant since the population of spores 
which survived the two longest treatments was very small. 

INDUCTION OF MUTATION BY HIGH TEMPERATURE 

It was observed during very warm summer periods tliat rl sectors 
appeared more frequently than usual in monosporic isolates from 
cultures. Experiments were conducted, ttierefoiv, to deterinine 
whether temperature influenced the rate of mutation. Two young 
monosporic cultures were incubated at 24° C. for about 10 days, 
when fruiting bodies were well formed. Then 1 of the plates was 
removed to an incubator at 36° C., the other to an incubator at 16°. 
At the end of 1 week, 10 dilution plates for each treatment were 
made. All these plates were again incubated at 24° for 1 week, and 
then the number and type of colonies were recorded. The data in 
table 4 show that the frequency of rl mutations in As cultures was 
greatly increased after high temperature treatment. The B~la 
mutant also occurred after the high temperature treatment. _ These 
results, incidentally, offered an explanation of the fact that difficulty 
was commonly encountered in maintaining the sporulating character 
of the As cultures in, the laboratory during warm summer periods. 


Table 4. — The effect of lemperaiure on muiaiion as shoion by the percentage of 

colonies in type classes 


'rri'atirient 

Total 

Colonics in tyixi classes 



°C. 

colonies 

An 

.1 

B-a 

B-ln 

10. 

Number 

239 

Percent 
9S. 3 

Percent 

1,7 

Percent 

0 

Percent 

0 

30 - 

178 

39.4 

59. 7 

0 

1.6 


TAXONOMIC POSITION OF THE FUNGUS 

The present study sliows that the imperfect stage of the fungus is 
extremely variable in size of pycnidia and in siz(^ and s(‘pta.ti(>n of 
pycnospores. Moreover, considerable variation in th('S(^. (hara.ctc'rs 
occurs as a result of genetic mutation and the s('gr(‘gation of muta,nts 
in culture. This accounts for the confusion in tlu^ ta.xonomi(*, position 
of the fungus cited in the introduction of the papcu*. Siiuu' Phxutrey 
and Roumegudre {17) published the name of the imi)erfe<‘t, stage, 
Ascochyta cucMrniSym 1891, slightly earlier than that^ of the perfect 
stage by Passerini {18) in the same year, the first spedfic name' lias 
priority. Therefore the proper binom.ial of the fungus should be 
MycosphaereUa cucurnis (Fautr. and Roum.) nov. comb The syn- 
onymy follows: 

Aseochyta ciicurnis ¥miir. mid Romn., 

Pass., 1891. 

Phyllosticta citruUina Chester j 

Ascochyta citriiUina f Chester) C, O. Bm.y 1^05. 

Sphaerella citruUina (Chester) G. O. 

Diplodina citrullina (G. 0. Sm.) Gross., 1909. 

MycosphaereUa citndlina (0. O. Sm.) Gross., 190 . 

Ascochyta melonis Potebnm, 1910. ■ 

Sphaerella melonis PerrB^riSy 1912. 
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DISCUSSION 

Although Faiitre.y and Ronmeguere (17) recognized the cucurbit 
black rot fungus on a variety of Chinese cucumber to be a species of 
Ascochyta and described it under the name Ascochyta cucumis in 
France as early as 1891, the pleomorphism of this fungus caused some 
confusion ^ in its classification. The small continuous micropycno- 
spores which predominate in nature on the host apparently led Chester 
(2) to describe the fungus as Phyllosticta dtrullina on watermelon 
and led Keissler {10) to report Phyllosticta orbiculciria Ell. et Ev. on 
Cucumis melo h. Grossenbacher (. 4 ) stated that Chester's specimen 
of Phyllosticta might not represent the same pathogen as that described 
later by C. O. Smith as Ascochyta citrullina. The explanation of this 
discrepancy is found in the fact that this organism may at times procl- 
uce pycnospores which conform to the genus Phyllosticta. Inclusion 
of the perfect stage of Ascochyta in DidymeUa is c{uestionable, even 
though Passerini (18) and Klebahn (IS) claimed that paraphyses 
were present. Ferraris (S) and American workers (4, 19, 24 ,) diduiot 
see any paraphyses among the asci of this fungus. The present ob- 
servations show that no paraphyses are present in the perithecia but 
that immature or abortive asci are often present among the mature 
asci. The abortive asci might have been interpreted erroneously 
as paraphyses. In view of the priority of Ascochyta cucumis Fautr. 
and Roum., the name of the perfect stage is designated herein as 
MycosphaereJla cucumis (Fautr. and Roum.) nov. comb. 

The production of micropycnospores and macropycnospores varied 
with the strain and the media. Thalli from micropycnospores gave 
rise to colonies with mature perithecia. In spite of evidence obtained 
in other species of AlycosphaereHa that micropycnospores function as 
spermatia, it is believed that they function as conidia in the black rot 
fungus. 

Homothallism of this genus was first noted by Jones (9) and later 
proved by Hare and Walker in AlycosphaereHa pinocles (Berk, and 
Blox.) Stone (5). The present pathogen also is homothallic. Fertil- 
ization of the ascogonium is accomplished by an antheridium originat- 
ing from a neighboring hypha of the same mycelium. 

Cells of both ascospores and pycnospores were shown to be uninu- 
cleate, while those of the mycelium were multinucleate. Wiant’s 
culture from Hubbard squash conforms to the As type described 
herein ; his sector of the squash isolate is similar to the B-1 a and B~~l b 
types; his isolate from Puerto Rican cucumber is similar to the B~a 
type. These valiants, according to the present studies, originate from 
the As wild type. Wiant also observed the sterile A type but failed 
to point out that As and A types are spontaneously and reversibly 
mutable. 

The mutability of the As strain is high and the direction of mutatioxi 
is various. The frequency of mutation may be increased by high 
temperature and by irradiation. That the repeated transferring of 
mycelium of species of Ascochyta increased the sterility of the subse- 
quent cultures has been noted by many ’workers, including Yu ^ (26) , 
This was also observed in the As strain. A possible explanation is 
that the repeated picking of mycelium may greatly increase the prob- 
ability of purifying the A mutant from the As strain, since most As 
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mycelium is producing spores and grows less rapidly tlian that of the 
mycelial mutant. 

Wiant failed to induce sporulation of the culture by the use of 
different media {2^). The sporulation of this fungus seems to be 
controlled by both genetic and nutrient fa,ctors as in the case of 
Neurosimra, (1). Tire loss of the property of synthesizing certain 
organic substances necessary for sporvdation may he responsible for 
some of the sterility, and may explain the inconsistency in spondation 
of the usually sterile A type. By using fertile strains, such as xls 
and B-la, sporulation was readily obtained on all media that Wiant 
had tried without success. 

It is interesting to note that the sterile A strain can bo induced to 
sporulate by irradiation of a potato-dextrose culture for 1 to 40 
minutes under a mercury-qua.rtz lamp. Rairrsey and Bailey (15) 
were able to induce the sporulation of Fusarium. cepae (Ilanzawa) 
Tiinl - and Bailey and Macrosporium tomato Cooke by irradiation, and 
they were of the opinion that it was not due to inhibition but rather 
to stimulation. Since in the present work the fruiting bodies are 
exclusively of the /Is type and since A and As are reversibly imitable, 
it remains to be determined whether or not irradiation increased the 
rate of mutation of A type to As type. 

SUMMARY 

The perithecia, pycnidia, and pseudoperithecia of Mycosphaerella 
cucumis as well as the spores produced by them, are described. The 
perithecia varied in size within a mucli narrower range than the 
pycnidia. Two types of pycnidia are described. One produced 
small continuous spores (micropycnospores) ; the other produced 
larger spores (macropycnospores) which were continuous, one-septate 
or rarely two-septate. The types of pycnidia were indistinguishable 
morphologically e.xcept for the size and septation of the pyenospores 
produced. 

Ascospores and pyenospores were uninucleate. Monosporic lines 
were homothallic. The developmental histories of the sexual and 
asexual fruiting bodies are described. There was no evidence that 
micropycnospores functioned as spennatia. 

The wild type, As, was extremely variable. It mutated spontane- 
cusly to A, A-1 , B-a, B-1 a, and B-1 h. A and xi-1 wcu’c' sterile, while 
B-a, B-1 a , and B-1 b sporulated profusely and produced mycelium spar- 
sely. Mutant A tended to mutate back to As whihi A-1, S-a, and 
B-la were very stable. B-1 6 was appa.rently a variant of B-la from 
which it diffei’ed only in the early development of the color of the 
colony. The growth rate and coloration of the submerged mycelium 
of the fungus varied with the medium. Dextrose in combination 
with peptone in any kind of medium favored vigorous mycelial growth. 
Dextrose was responsible for the olive-green color of the submerged 
mycelium, while peptone induced a salmon to purplish-brown color. 

Sporulation of sterile strain A was induced on oat-paste agar and 
by irradiation of a well-developed culture on potato-dextrose agar 
medium for 15 minutes. 
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Irradiation with ultraviolet rays induced a higher frequency of 
mutation and new mutants. A-~2s^ and 5-3, were obtained by 

this means. A-2 and B-~3 were sterile while A~2s produced spores in 
sclerotiumlike groups of pycnidia. 

Exposure to a temperature of 36° C. for 1 week resulted in an 
increase in the number of mutants. 

The confusion in earlier literature regarding the taxonomy and 
nomenclature of this organism is probably due largely to its pleo- 
morphism. Size, shape, and septation of pycnospores and size of 
pycnidia are extremely variable. The earlier reports of paraphyses in 
the perithecium are probably due to erroneous interpretations of 
immature or abortive asci. According to the information available 
the proper Latin binomial for the fungus is Mycosphaerella cucumis 
(Fautr. and Roum.) Ghiu and J. C. Walker. 
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RELATION OF SPECIFIC GRAVITY TO SHRINKAGE AND 
OF THESE FACTORS TO GROWTH IN YELLOW POPLARS 

Harvey D. Erickson 

Formerly forester, West Virginia Agricultural Experiment Station 

INTRODUCTION 

In recent years a number of investigations have been made to deter- 
mine the physical properties of various woods and the effect of rate 
of growth and of certain conditions of growth on these properties. 
Relatively little work has been done, however, on native diffuse- 
porous woods, nor has an intensive analysis of relationships been 
made. 

Yellow poplar tulipijera L,), an important Appala- 

chian hardwood and the species used in this study, has been studied 
by several researcliers. Paul and his co workers (4, 5, 6) - have given 
us much of the information now available on the relation of the rate 
of growth to the specific gravity of the wood produced. Paul ( 4 ) 
reported that prolonged suppression of growth resulted in a lowering 
of the specific gravity of the wood, whereas improved growth condi- 
tions in slow-growth virgin trees resulted in an increase in specific 
gravity. The wood of young trees (70 to 150 years of age) in old- 
growth stands was heavier than in the old-growth trees (150 to 300 
years) of the same stand (6*). The slightly lower average specific 
gravity obtained in the second-growth trees as compared to young 
trees in old-growth stands was explained by the presence of wide 
annual rings made up of wood of low specific gravity near the pith 
in trees that had started growth in rather open stands. Paul and 
Norton (6) reported that there was not a very close relationship 
between rate of growth (rings per inch) and specific gravity in yellow 
poplar. Nevertheless, they found the rate of growth to be useful in 
determining the quality of wood if the history of its development was 
taken into consideration. No definite correlation was established 
between specific gravity and factors such as climate, soil, and eleva- 
tion. 

Boomsliter (1) and Stern (7) have studied the mechanical and 
physical properties of yellow poplar. Their results are based on one 
or two trees in each case. 

This report is intended to check some of the published data and 
conclusions; to determine quantitatively certain results that have 
been reported qualitatively only; to include and correlate properties 
not hitherto studied, such as shrinkage; and to limit the samples to 
one area of representative commercial stand and thus eliminate pos- 
sible differences between areas. 

^ Received for publication January 26, 1948. Scientific Paper No, 379 of the 
West Virginia Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 127. 
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EXPERIMENTAL PROCEDURE 

Tile samples of yellow poplar were obtained from _23 trees on a 
200-acre tract in Preston County, W. Va., located in the nortli- 
ceiitral part of the State. The area is mountainous with steep slopes. 
The stand was classified as cove hardwood type; the yellow poplar 
was in mixture with other hardwoods. The samples were^ collected 
while the tract was being* logged and represented the trees from near 
the ridges down to the creek bed, or a range of elevation from 1,750 
to 2,150 feet. The site is classed as good (site II). The exposure 
was south to southeast. 

One disk, from 6 to 8 inches thick, was sawed from each tree. In 
16 of the trees, the disks were taken just above a 16-foot log. In som.e 
cases it \cas necessary to saw off the butt or make a short log first. 
In 4 trees the disk was sawed off at 8 feet above the stump, in 2 trees 
at 10 feet, and in 1 tree, at 12 feet. The age of the trees at the height 
of the test blocks ranged from 130 to 260 years, except one of 78 
years; at stump height, the age ranged from 86 to 273 years. If the 
disk were not to be cut up immediately, they were placed in the cold 
room at 40° to 42° F. until used. The annual rings were counted and 
marked on the cross section. Blocks approximately 1 by 1 by 3 
inches were sawed from each disk on the north and south diameter. 
Care was taken to have the fiber alinement pai*allel to the long axis 
of the block. When interlocked grain or fluctuating slope of spiral 
grain was present, the weighted average of the grain slopes was used. 
Two parallel sides of the block wuu*e at right angles to the annual 
rings; the other two sides were parallel to the rings. 

The dimensions of the blocks were measured b}^ a dial-gauge in- 
strument (fig. 1) especially designed and constructed for this purpose. 
With this instrument, the place of measurement can be marked by 
drawung a pencil part of the way round the gauge stem and subsequent 
measurements of the block can be made at the same place. With this 
instrument it is possible to measure easily and rapidly and to be sxire 
that the same spot will be used in each measurement. If the block 
is not absolutely square, the use of the same spot in each measurement 
is very important. To obtain average values with blocks that are 
not uniform in ling width, it is better to measure at two or more points 
across the radial surface. Otherwise, the rings-per-inch value which 
is indicated at the point of measiirem.ent should be used. This 
caliper instrument reads to 0.001 inch throughout a range of 1 inch 
and is Mly as accurate as a vernier caliper. Accuracy is assured by 
the sensitivity of the gauge, the easily readable dial, wliicb eliminatt^s 
the eye strain and guessing required to read a vernier scale, and the 
constant contact pressure of the gauge on the object for a given 
thickness. 

The green volume of each block was determined by suspending it 
in a beaker of water of known weight and weighing the volmne of 
water displaced. The blocks were then dried very slowly in an experi- 
mental dry kiln. Loss of weight was determined by weighed samples. 
The diying temperatiue w^as from 100° to 110° F. Final drying to a 
moisture content of zero percent was done in an electric oven at 216° 
F., again in easy stages of drying. After reaching constant weight, 
the Hocks were cooled in a desicGator containing P2O5, weighed, 
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Figure 1.— Adjustable dial-gauge caliper for measuriug clxanges of the dimensions 

■ of'a'block. ■' 


S27291— 49- 


-4 


106 


Journal of Agricidtural Research 


VoL 78, Nos.. 5, 6 


remea.siireclj and placed in the oven for several hours. They were 
then dipped in hot paraffin; the excess on the surface was removed 
while molten. If no excess remained, dimension measurements were 
the same after paraffining as before. The oven-dry volume was 
determined in the same way as green volume. 

In all the data presented, the blocks that averaged less than 2 inches 
from the pith or were less than 20 years old are not included unless 
specilicalh^ stated. Shrinkage values are based on green dimensions. 
Specific gravit}^ is based on green volume and oven-dry weight. 

EXPERIMENTAL RESULTS 

I. RINGS PER INCH AND SPECIFIC GRAVITY 

The relation of rings per inch to specific gravity for the 345 blocks 
froni 23 trees is shown in figure 2. It is evident that the specific 
gravity decreases as rate of growth decreases. However, the rate of 
growth is not closely associated with specific gravity. Expressed sta- 
tistically, the total or gross correlation coefficient is —0.483. The 
square of the correlation coefficient, wdiich is the coefficient of deter- 
mination, indicates that only 23 percent of the variance in the specific 
gravity of all the samples could be explained by the variation in the 
rate of growth. The first equation in table 1 (column 5, line 1) is the 
appropriate one for the curve shown in figure 2. The graph indicates 
a somewhat better correlation in the region of slower growth than for 
the total range of rate of growth. An analysis in which only the 
samples of 20 or more rings per inch (74 in number) were used gave 
a correlation coefficient of —0.588. Compared to —0.483, the corre- 
latioii coefficient for the entire curve, this value indicates an appre- 
ciably closer relationship between rate of growth and specific gravity 
in the wood of slower growth. 

The standard error of estimate of H, specific gravity, as indicated 
m figure 2, is ±0.027. This is the square root of the mean square of 
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errors of estimate. The chances are about 95 out of 100^ therefore, 
that a specific gravity value, estimated from the first equation for a 
given value of rings per inch, will not be in error by more than ±0.054 
(twice the standard error). 

A statistical summary of the data is presented in table 1. 


Table 1 .—Analysis of covariance' of rings per inch and specific gravity, together with 
regression equations and correlation coefficients 


Source of varation 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 

square 

Regression 

equation 

Correla- 
tion co- 
efficient 

Degrees 
of free- 
dom 

General regression - 

1 

0. 0742 

0. 0742 

y=0.412-.CM]20V 

-0. 483** 

343 

Between tree regressions 

! 22 

. 0150 

.00063** 




Between tree means. 

1 22 

.1242 

.00565** 

y= .408 -.0018V 

-.290 

22 

Error (within trees from individual re- 







gressions) : 

299 

. 1043 

.00035 




Between tree regressions 4- error (with- j 

1 






in trees, from average regression) 

321 

. 1194 

. 00037 

F= .413 -.0021V 

-.588**; 

321 


significant. 


The range of the correlation coefficients for the blocks of the 
individual trees was 0,479 to — -0.893. The range for the regression 
coefficients was 0.0024 to —0.0070. Twenty of the coefficients were 
negative values; 3 were positive. These values show the great vari- 
ability found between trees in the relation of rate of growth to specific 
gravity. 

The average specific gravity, including heartwood and sapwood, 
was 0.378, The standard deviation was ±0.030. 

The correlation between means of trees was low (—0.290). Testing 
by the null hypothesis shows this value to be below the 5-percent level, 
or nonsignificant, wdiich indicates that there is no reliable association 
between the average specific gravity of each of the trees and their 
average values of rings per inch. This conclusion is confirmed by an 
analysis of error variance of the sum of squares of tree means of 
specific gravity, /S?/, and reduction of Sif' due to regression. The F 
value of m.ean square of reduction divided by the mean square of the 
difference is nonsignificant. Hence, the different average values of 
growth rate of the trees did not account for any significant amount of 
the variance in average specific gravities. 

To determine whether the average growth rates of the trees vn>re 
significantly different, rings per inch, A, were tested by analysis of 
variance. The F value obtained proved that the original tree means 
rings per inch were highly significantly different from each other. 
It was found further that when analyses of variance was applied to 
the actual tree means of specific gravity, F, those means wep higlily 
significantly different. After the means of specific gravity w" ere 
adjusted to an average value of rings per inch, they were still highly 
significantly different, as is shown in table 1. 

The mean square of the variation between tree means of specific 
gravity is the average variation between the means after they are 
adjusted to an averap level of growth rate, X. ■ When compared to 
experimental error with 321 degrees of freedom, by the F test, this 
mean square (0.00565) is found to be highly significant. This indh 



108 


Vol. 78, Nos. 5, 6 


Journal of AgrictiUural Research 


cates that the tree means of specific gravity do not change regularly 

witli nieaii rings per iiicli, but are definitely erratic. The growth rat(3 
does not explain the differences among tree mean specific gravities ; 
after the mean specific gravities of the trees are adjusted to an aver- 
age growth-rate basis, they still differ significantly from each, other. 
Evicleiitly, other biological forces influence the average specific grav- 
itv of a tree inoi'e thaji does the average growth rate within tlie range 
stiidied. One reason for this may be a lag in response of specific 
graA^it}^ to changes in growth rate, although a study of the^ data of 
the indhhdual tree samples does not place much weight on this factor. 
Age may IiaA^e a small effect in some trees, as Avill later be shown. It 
seems likely that inherent or hereditary characteristics may be respon- 
sible to a large degree for wide differences in adjusted m.ean specific 
gravities of trees, granting that ecological factors would exert a modi- 
fying influence. 

The differences between tree m.eans also are responsible for some 
of the total Alliance between rings per inch and specific gravity when 
all the blocks are considered as a random sample as in figure 2. The 
low between-tree correlation coefficient, with its attendant large 
sum of squares of error of estimate resulting from A^ariation of tree 
means, offsets the higher within-tree coefficient to giA^e the interme- 
diate coefficient of total correlation. 

The average correlation coefficient (the appropriate average of the 
23-tree correlation coefficients), based on the average within-tree 
regression, is —0.588. Correlation of rings per inch to specific gravity 
within the trees after eliminating the effect of differences among the 
tree means of rings per inch and specific gravity, is considerably 
better than that for the m.ean values of the trees. However, since 
rings per inch, in average regression, accounts for only 34.5 percent 
(r of the variance in specific gravity Avithin trees, this relationship 
is fairly low. 

The aboA-e considerations indicate that for flat-sawn inch boards 
selected at random, some relation between rings cer incli and specific 
gravity for the individual pieces would be expected (r= 0.483). For 
tliicker cuts, less association would be probable, and for large timbers, 
very little or no significant correlation would be expected between 
the mean values of the individual timbers, since the larger cuts more 
nearly approxim.ate the conditions of the separate trees in which a 
lower correlation of —0.29 exists. 

The mean square of between-tree regressions (line 2, table 1) is 
an average of the variation in specific gravity that is not explained 
by the regular effect of changing growth rate within each tree upon 
the specific grav^ity. The individual tree coefficients of regression 
or rates of change of specific gimity with rings per inch are signifi- 
cantly different fi‘om each other and from the average regression or 
slope. ^ An average slope, such as that indicated by the regression 
coefficient in the third equation in table 1, does not give a true repre- 
sentation of all the individual trees. The individual slopes shown 
in figure 3, differ from the best average slope for the group more 
than would be expected from trees taken from a homogeneous popu- 
lation. There appear to be inherent differences l^etween the trees 
that cause some of them to be rather unlike others in this relationship 
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of growth rate to specific gravity. This difference, how^ever, is apart 
from the differences in levels of the curves, i. e., the differences in the 
tree means of F (specific gravity). 

The sum of sc|uares of errors of estimate, 0.015 with 22 degrees of 
freedom, is associated with the variation of the tree regression coeffi- 
cients, or the failure of the individual tree regressions to coincide 
with the average within-tree regression. This is the difference be- 
tween the sum of squares of errors of estimate for variation within 
trees from average regression and the coiTesponding value for varia- 
tion within trees from individual regression. The mean square 
0.00068 for regressions is tested by the F test against the mean square 
of deviations from individual tree regressions with 299 degrees of 
freedom (line 4, table 1). The mean square of deviations is an avei^age 
of the variation in specific gravity not explained by tree diffeiences 
of X and Y or by individual regressions. The c|uotient was found to 
be highly significant. Hence, an average slope of curve does not 
adequately represent the individual slopes. 

The regression line for each tree is shown in figure 3. This figure 
illustrates the variability discussed above regarding the differences 
between the slopes of curves for the individual trees, the differences 
between levels of the curves, the range of rings per inch and specific 
gravity for each tree, and gives the correlation for the regression line 
of each tree. 

The first equation in table 1 (column 5) represents the curve shown 
in figure 2 for the total correlation where Y is specific gravity and X 
is rings per inch. From a practical standpoint, this is probably the 
equation of most importance because it represents the average relation 
between rings per inch and specific gravity that might be expected if 
samples were taken from a pile of lumber. The second equation ex- 
presses the curve that would be obtained for weighted mean values 
of rings per inch and specific gravity for the individual trees. The 



FinuRB 3.— Individual regression lines and correlation coefUcients for specific 
gravity and rings per incfi of 23 yellow poplar trees. 
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third equation expresses the average of the individual tree regressions 

sliovYD. ill figure 3. Tliis equation is based on the means of X and I 
for all the samples and the average vvithin-tree regression coefficient 
for the 23 trees. It represents the average relations between rings per 
inch and specific gravity that exists within the trees after coiTecting 
for the differences among the means of the trees. 

In the light of the results i^ecorded above, it is evident that the 
biological forces which cause a with in- tree relationship are not those 
which cause difl:erent trees to Lave different specific gravities. 

II. RINGS PER INCH AND VOLUMETRIC SHRINKAGE 

Figure 4 shows the experimental data for rings per inch and volu- 
metric shrinkage of all the blocks. The standard error of estim.ate of 
volumetric slninkage for the total regi'ession is ±0.961 percent. An 
inverse relationship was obtained, as would be expected, because of 
the inverse association of rings per inch with specific gravity (fig. 2). 

A statistical summary of the data is given in table 2. 

The mean square for differences between tree regressions tested 
against experimental error (item 4) shows that these regressions or 
slopes are significantlj^ different from each other, although the proba- 
bility value is just at the 5-percent level. This shows less variation 
among the slopes than was found for rings per inch and specific 
gravity. The tree slopes are so similar that they can almost be con- 
sidered as coming from a uniform group and as fitting quite well an 
average slope. 


z 

Ui 

lU 
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RfNGS PER INCH 

FiniJEE 4.— Relation of voiuinetric shrinkage to rings per inch for the blocks from 

23 yeUow poplar trees. 
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Table 2.-~AnalysiB of covaricmce of rings per inch and volmnetric shrinkage 
together with regression equations and, correlation coefficients 


Source of variation 

Degrees 
' of 

freedom 

Sum of 
squares 

Mean 

square 

Regression 

equation 

Correla- 
tion co- 
efficient 

Degrees 

of 

freedom 

General regression _ 

1 

143. 97 

143. 97 

F= 13.37- .0913 V- 

-0. 560** 

339 

Between tree regressions- 

22 

23.18 

1.053* 




Between tree means 

22 

125.32 

5.696** : 

F= 14.39- .1557 X- 

665** 

22 

Error (within trees from individual 

295 ^ 

166. 51 

.564 




regressions). 







Between tree regressions-ferror (with- j 

317 

189. 49 

.598 

F=I3.13-.0749X. 

-.538** 

317 

in trees, from average regression) . ; 

1 








^Significant. 
**Highly significant. 


The tree-inean volumetric shrinkage varies with mean growth rate 
in a different way than does volumetric shrinkage of blocks within a 
tree with growth rate. As shown in table 2, the mean square for tree 
means of volumetric shrinkage is higlily significant as compared with 
error (line 5). These adjusted tree means differ more than would be 
expected from chance; tree mean values of volumetric shrinkage 
deviate significantly from the average regression. In other words, the 
differences in tree-mean values of volumetric shrinkage are not 
entirely accounted for by the average regression curve. 

Tree-mean shrinkage does change to some extent with mean 
growdh rate because the variance of Y w^as reduced about 44 percent 
by the regression of Y on X In this case, the trend is better than 
that of the other regressions. The equation of the means show^s a regres- 
sion coefficient of —0.1557 as against —0.0913 for general regression 
and 0.0749 for average within-tree regression. The correlation 
coefficient for tree means was —0.665 as compared to —0.560 for 
total correlation and —0.538 for average correlation. This is the 
opposite of the results obtained in the rings-per-inch vs. specific- 
gravity analysis (section I), in wdiich the tree-mean correlation w^as 
the lowest of the tlnee coefficients. The tree means fit their regres- 
sion line better than all the blocks fit their average regression wdthin 
trees. 

The coefficients of regression for the individual trees ranged from 
4-0.0310 to — 0.2570 and the correlation from 40*184 to — 0.882. 
All the trees gave negative coeffiicents except one. 

Further details on procedure of analysis and interpretation can be 
made in a manner similar to that given in the preceding section on rings 
per inch and specific gravity. 

HI. RINGS PER INCH AND TANGENTIAL SHRINKAGE 

An examination of figure 5 reveals a better association betwa-eii the 
variables than was shown for the relationships discussed in sections I 
and II. The higher correlation may be accoimted for in part by the 
method of measurement of the tangential dimension. The dial-gauge 
caliper measures only a small wddth and area. In measiiriiig the green 
block in the tangential direction one central spot was marked to 
assure remeasurement in the same place after drying. The ring width 
was not uniform in some blocks. Hence some measurements of 
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RINGS PER INCH 

Figure 5. — Relation of tangential shrinkage to rings per inch for the blocks 
from 23 j^ellow poplar trees. 


shrinkage and rings per inch represented values for a narrow-ring 
zone or for a wide-ring zone. If the measurement is in the center of 
the zone the effect of ring width should be at a maximum; there should 
be less counteraction of shrinkage by the adjacent zone of different 
ring width. It was observed that on the surface of the dried blocks 
the wide-ring zones were depressed below the level of the narrow-ring 
zones when these zones alternated in the same block. The difference 
ill level was not always abrupt regardless of the change in ring width. 
The standard error of estimate of tangential shrinkage for the total 
regression is ±0.723 percent. 

The statistical data are given in table 3. 


Table 3. — Analysis of comriance of rings per inch and tangential shrinkage, together 
with regression equations and correlation coeflicients 


Source of variation 

De- 
grees 
of free- 
dom 

Sura 

of 

squares 

Mean 

square 

■Regression 

equation 

Corela- 
tion co- 
elficierit 

De- 

gret'sof 

free- 

tloiu 

G enthral resrossion ' 

1 ; 

148,44 

148.44 

F=9.15-0.09A7-. 

-0. 67fC* 

337 

BetAveon tree regressions..----- 

22 j 

11.19 

.509 

i 

' 


Between tree means 

22 

67.53 

3. 05**^ 

y=10.07-.14SX.. 

-.713**' 

' 22 

Error (within trees from individual 







regressions) 

293 

97.84 

.334 




Brt ween tree re-gressions + error (with- 







in trees, from average, regression).... 

315 

109.03 

.346 

F=S.89-.075X_... 

-. 652** 

315 


** .Highly significant 


THe range of individual tree regression coefficients was +0.001 to 
—0.198. Tlie range of con-elation coefficients was ±0.009 to 0.921; 
the average correlation as given in table 3 was —0.652. The tree 




Mar. 1, 15, 1949 Speci^jic Gravity Factors in Yelloio Poplar 


113 


regressions or slopes were not significantly different from each other 
and are, therefore, quite accurately represented by the average regres- 
sion (third equation, column 5). The correlation between tree means 
is higher than either the within-tree or the total correlation. This 
finding is similar to those obtained for rings per inch and volumetric 
shrinkage. 

The data for blocks of 20 rings per inch or more were analyzed 
separately. The correlation coefficient for this slower growth was 
—0,66. This indicates about the same correlation for wood of slower 
growth as for all growth rates (—0.676) on a total correlation basis, 

IV. RINGS PER INCH AND RADIAL SHRINKAGE 

The correlation of the two variables rings per inch and radial 
shrinkage was determined on the basis of tree mean values by giving 
equal weight to each tree, and not on the individual block data. 
The coefficient obtained as —0.166, a value so small that for the 
number of trees used it has no significance. 

V. SPECIFIC GRAVITY AND VOLUMETRIC SHRINKAGE 

The relation between specific gi‘avity and volumetric shihikage for 
the blocks is shown in figure 6. The standard error of estimate of 
volumetric shrmkage is ±0.823 percent. The total correlation co- 
efficient for the statistics shown in figure 6 is —0.734. It follows 
that about 54 percent of the variance in volumetric shrinkage of the 
blocks from their mean can be explained by differences in specific 
gravity. This is considerably better than was found for riugs per 
inch and volumetric shrmkage. Twenty-four trees were used in this 
part of the study. 

A summary of the data obtained is given in table 4. 


Table 4 . — Analysis of covariance of specific gravity and volumetric shrinkage, 
together with regression equations and correlation coefficients 


Source of variation 

Degrees 

of 

freedom 

Sum of 
squares 

Mean 

square 

Regression 

equation 

Correla- 
tion co- 
efficient 

Degrees 

of 

freedom 

General regression 

'Rpt.’wftp.n t.rftp. rpgrpsisions _ 

1 

23 

23 

309 

332 

281. 21 
18.76 
97.87 

123.70 

142.46 

281.21 
. 82 ** 
4. 26** 

.40 

.43 

y=:0.941-f29.08X 

i 

0. 734** 

355 

Between tree means - 

Error (within trees from individual 

.941-h29.08Vj 

. 734** 

23 

_ _ 

Between tree regressions+error (with- 
in trees, from average regression) 

.933+29.09V 

,735**^ 

i 

332 


**Highly significant. 


The range of individual tree coefficients was 9.00 to 51.66 for regres- 
sion and 0.372 to 0.961 for correlation. The averages of within-tree 
values as given in table 4 were 29.09 and 0.735 respectively. These 
averages, however, are ordy indicative of the trend of tliis particular 
experiment since, as is explained below, they are based on a popula- 
tion that is not homogeneous. 

The mean square for the error of estimate of between-tree slopes or 
regressions is highly significant as compared with error by the P test, 
indicating that the relation of specific gravity to volumetric shrinh- 
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SPECIFIC GRAVITY (OVEN-DRY WEIGHT-GREEN VOLUME) 

FifiuRB 6. — Relation between volumetric shrinkage and specific gravity 
blocks from 24 yellow poplar trees. 
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SPECiFlC GRAVITY 

Figure 7.— Individual lines and correlation coefficients for volumetric shrinkage 
and specific gravity of 24 yellow poplar trees. 
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age is different for the various ti’ees, and the differences in slopes are 
more than would be expected on the basis of chance from a sample of 
trees which had curves of common slope. A very significant difference 
is shown also between the tree regressions, based on their departure 
from the average within-tree regression. No common slope can fully 
represent the individual slopes to the extent of accoimting for the 
regression differences from it that would not be due to chance. 

^ The mean square of 4.26 for tree means indicates a liighly significant 
difference between tree means in volumetric shrinkage after adjusting 
them to an average level of specific gravity. The tree means, there- 
fore, difihr more among tbem.selves than would normally be expected 
from a homogeneous group. 

It is interesting to note that the three correlation coefficients in 
table 4 are practically the sam.e, a feature not found in other analyses. 

Figure 7 shows the individual regression lines for specific gravity 
and volumetric shrinkage. The graph shows the different slopes, the 
various levels of the slopes, the ranges of the two variables for each 
tree, and the correlation coefficients for each tree. 

In order to check the validity of the use of a straight line for the 
composite data (fig. 5) as well as to determine the nature of the curves 
of the individual trees, the data on specific gravity and volumetric 
shrinkage were plotted for each tree. It was evident from the indi- 
vidual graphs that a straight line property represented the relation 
between the two variables in nearly every case and would best express 
the average relation between all trees. 

VI. SPECIFIC GEAVITY AND TANGENTIAL SHRINKAGE 

Figure 8 presents graphically the data for relation between specific 
gravity and tangential shrinkage for all blocks (except near the pith). 
The regression line showm represents a total correlation coefficient 
of 0.676. This indicates less association than was found for volu- 
metric shrinkage. The standard error of estimate of Y (tangential 
shiunkage) for these data is ±0.727 percent. 

A summary of the data is given in table 5. 


Table 5 . — Analysis of covariance of specific gravity and tangential shrinkage^ 
together with regression equations and correlation coefficients 


Source of variation 

Degrees 

of 

free- 

dom 

Sum of 
squares 

Mean 

square 

Regression 

equation 

Corre- 

lation 

coeffi- 

cient 

Degrees 

of 

free- 

dom 

General regression 

1 

148.86 

148.86 

F=0.709+22.1SX 

0.676** 

334 

Between tree regressions 

22 

9.25 

.42* 

Between tree means 

22 

91.09 

4. 14** 

V=.384-fl9.28X 

.590** 

22 

Error (within trees from individual 
regressions) 

290 

76.42 

.26 

Between tree regressions+error (with- 
in trees, from average regression) 

312 

85.67 

.27 

r=1.51-h24.31X 

.739** 

312 


* Significant. 
**Highly significant. 


The range of individual tree regression coefficients was 10.83 to 
39.35; for correlation coefficients the range was 0.218 to 0.937. Ap- 
plying the jF test, it is found that the mean square 0.42 is just at the 
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SPECIFIC GRAVITY (OVEN-DRY WEI GHT- GREEN VOLUME) 

Fiouee 8. — Relation of tangential shrinkage to specific gravity for the blocks of 

23 yellow poplar trees. 

5-percent level of significance; therefore, the tree regressions differ 
but little from each other and from their average regression. 

The adjusted tree means of tangential shrinkage are highly sig- 
nificantly different from each other. The total variation of tangential 
shrinkage not accounted for by specific gravity is in part caused by 
tree-to-tree differences, as is indicated by the fact that the correla- 
tion coefficient for tree means (0.590) is lower than the average within- 
tree correlation (0.739). 

VII. SPECIFIC GRAVITY AND RADIAL SHRINKAGE 

The association between specific gravity and radial shrinkage was 
not nearly so good as for the other shrinkages. The summary of 
data is given in table 6. 


Table %r~AnalyBiB of covariance of^ specific gravity and radial shrinkage, together 
with regression equations and correlation coefficients 


Source of variation ’’ 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 

square 

Regression 

equation 

Correla- 
tion coef- 
ficient 

Degrees 
of free- 
dom 

General regression 

1 

25.65 

25. 645 
.286** 
1.832** 

F=0.715+9.261X 

0.487** 


Between tree regressions- - 

22 

6,2^ 


Between tree means - 

22 ! 

40.311 

F==.83S+8.935X 

.448* 

oo 

Error (within trees from individual re- 


gressions) 

286 

36.083 

. 126 




Between tree regresslons-f-error (within 




trees, from average re^gression) 

308 

42.379 

.137 

y=>. 624-}-9.502y 

.618** 

308 



*Sigiiificjaxit. 

signiEeant. 
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The standard error of estimate of radial shrinkage in the general 
regression is +0.500 percent. 

Th-C range of coefficients for individnal trees was -“0.251 to +0.929 
for correlation and —3.326 to +22.371 for regression. It is obvious 
that the association between specific gravity and radial shrinkage is 
low. The best group relationship was found with the average within- 
tree regression, where 27 percent of the variance of radial shrinkage 
was accounted for by variation in specific gravity ('r=0.518). Sinee 
the tree regressions are not homogeneous, this value is merely indica- 
tive of the average for these data. 

Differences between the adjusted mean values of radial shrinkage 
for the individual trees are higlily significant. The correlation co- 
efficient for the tree mean values of specific gravity and radial shrink- 
age (0.448) is between the 5-percent and l-percent levels of significance. 
This level of significance coupled with the relatively low correlation 
gives this relationship only minor practical importance. 

VIII. AGE AND SPECIFIC GRAVITY 

The association of specific gravity with age as indicated by the 
number of rings from the pith was determined by grouping the blocks 
into rings-per-inch classes of 1 to 10, 11 to 20, 21 to 30, 31 to 40, and 
over 40. The blocks in the first class actually had from 6 to 10 rings 
per inch. The apparent effect of age was greatest in the 1 to 10 class 
and decreased to an absence of effect in the slow-growth samples. 
The curves are shown in figure 9. 

The correlation index for the 1-10 class (containing 101 blocks) 
was 0,62, whicb accounts for 39 percent of the variance. Included in 
this class were 27 blocks of 20 years of age or less and when these were 
excluded from the analysis, the correlation index was 0.45. Consider- 
able scatter existed over the whole range of the curve. Three-fourths 
of the blocks above 20 years of age were from 9 trees only; only 2 
blocks were over 200 years old. 

In the 11 to 20 curve there were 211 points representing all trees 
fairly well, but the deviations were marked. Twenty of the bloclp 
had average ages of 5 to 20 years. The correlation index for this 
curve was 0.37. 



AGE (YEARS) 

Figure 9.— Eelatioii of specific gravity to age of wood. The blocks from 23 
yellow poplar trees vrere grouped into growth-rate classes. 
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The curve for the 21 to 30 class was based on 53 blocks from 18 
treeSj the 31 to 40 curve on 12 blocks from 7 trees^ and the class over 
40 years on 7 blocks from 3 trees. • i i 

The wide dispersion of the points about the curves., together with the 
inadequate number of points and trees represented in some curves, as 
may be seen from the data given, makes the reliability of these curves 
questionable. This observation applies especially to the lo’w-age 
area of the 1 to 10 and the 11 to 20 curves, which show a steep slope 
and marked deviations, and also to the two bottom curves, for which 
too few data were available. All the curves as drawn are the best fit 
of the experimental data. The limits of each curve were determined 
by the extremes of the points involved. It would be desirable to 
have this relationship of age and specific gravity checked by additional 
investigations. 

The effect of age was also computed by a different method. ' The 
specific gravity for the wood in the outer half of the tree was deter- 
mined for two classes of trees, one consisting of 17 trees less than 180 
years of age at test height, the other of 6 tines more than 180_ years of 
age and averaging about 225 years. The average rings per inch and 
specific gravity in the younger age class were 19,8 and 0.386, respec- 
tively, and for the older class, 17.8 and 0.362. The difldrence between 
these specific gravity means was found to be significant by the analysis- 
of-variance test. 

IX. WOOD NEAR THE PITH 

As previously stated, blocks averaging less than 2 inches from the 
pith or those less than 20 years of age were not included in the analysis 
of data and relationship of properties. The shiinkage and specific 
gravity values for this wood were computed separately from the wood 
that lay beyond. The data for each type are given in table 7. 


Table 7. — Specific gravity and shrinkage of wood near the pith and of wood away 

from the pith 



Average 

Average shrinkage 

I. . „ _ . 

Fosition and age of wood 

specific 

gravity 

Volumetric 

i 

Tangential 

Radial 

Longitu- 

dinal 

Less than 2 Inches from pith and less than 
20 years old 

0.348 

Percent 

11.71 

j 

Percent 

7. 61 

Percent \ 
3.77 

Percent 

0.17 

More than 2 inches from pith and more 
than 30 years old 

.378 

11.92 

7.67 

4.20 

.20 



Tbe important differences shown in table 7 are in specific gravity 
and radial and longitudinal shrinkages. Volumetric and tangential 
shrinkages are about the same for the two groups in spite of the fact 
that specific gravity was lower for the first group. In other words, 
these shrinkages of the wood near the pith are greater than would be 
expected from their normal relation to specific gravity. This was 
observed also when these data were plotted on the same graph with 
the data of the wood away from the pith. The points for the wood 
near the pith were usually in the upper portion or above the other 
points for a given specific gravity. 
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To determme the approximate distance from the pith at which the 
density of the wood became normal, the average specific gravity of the 
blocks just outside the limits given above was computed. The value 
obtained was 0.370 which, w^hen compared with 0.378 (table 7), indi- 
cates that this wood was about normal. The upper two curves in 
figure 9 illustrate this point. Examination of the data for the indi- 
vidual trees did not indicate that the lower specific gravity was due 
to unusually wide rings although these were present in a few cases. 
The lower specific gravity was found even in wood of the same or a 
slower rate of growth than that of subsequent years in the same tree. 
Nor was it true that all trees had the same amount of low-density wood 
near the pith. In a few cases the wood less than 20 years old and 
less than 2 inches from the pith was about as dense as the wood sub- 
sequently formed. In other cases the wood just beyond this zone 
was somewhat below normal in density as compared with later wood 
having approximately the same number of rings per inch. Since the 
age and distance limits used in this test are the average values for 
the test piece (usually at the midpoint), no exact limit of age or dis- 
tance was actually used. However, considering the averages already 
given and the rings of each tree, it was concluded that for these trees 
a radius of 2 inches from the pith included practically all the wood 
near the pith that was subnormal in specific gravity. Variation 
about this arbitrary limit is to be expected and does exist. Wood 
with a rate of growth near the pith of 8 to 16 rings per inch (which 
was the rate for three-fourths of the trees) usually will be 20 years 
of age or slightly over. These variations are not shown in detail 
in the curves of figure 9 since it was feasible to show only the average 
relationship. 

X. EFFECT OF CHANGING GROWTH RATE 

The range in rate of radial growth was 0.37 inch to 1.5 inches for 
the first 10 years. The influence of the initial rate of growth at the 
test height on the specific gravity of the wood subsequently formed 
was determined by partial correlation of the factors: rings per inch 
in the first 10 years, average rings per inch, and average specific 
gravity. The last two factors applied to the wood along the diameter 
and over 20 rings from the pith. 

With the effect of different average rates of growth of the tree 
eliminated, it was found that the partial correlation coeflficient for 
the rate of growth in the first 10 years and the average specific gravity 
was —0.157. It was concluded that the growth rate in the first 10 
years had no significant influence on the average specific gravity 
(based on oven-dry weight and volume when green) of the wood sub- 
sequently formed or beyond approximately the 20-year-old zone. 

Seventeen trees had a period of slow growth (20 or more rings per 
inch) at some time during their lives, usually about the middle period. 
In general, the specific gravity dropped to a varying degree in the 
slow-growth period, and upon the resumption of more rapid or normal 
growth, it returned to normal or to a value similar to that before the 
slow growth. This seemed to be true whether the tree had a low, 
intermediate, or high average specific gravity and irrespective of the 
rate of growth for the first 10 years, within the range of rate of growth 
that was found in the experiment. 
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XI. CROWN-SUBFACE RELATIONSHIPS 

Tlie area of tlie crown surface was calculated by tlie equation for 
tlie area of a setniellipse whose semiaxes are a and by where a and h 
repi^esent crown depth and average crown radius, respectively. 
Tills may not give the exact effective area for a number of reasonsj 
such as irregularity of crown shape, variation in leaf density of the 
crown, the unknown relation of crown size to photosynthetic activity, 
etc.; but for want of a better method the above formula was used. 
The average annual cross-sectional increment in square inches for 
the last 10 years was computed for each tree, based on the cross 
section at the end of the first log. These values were correlated with 
the crown-surface area. The correlation coefficient was 0.60. This 
exceeds the 1-percent level and therefore is regarded as highly sig- 
nificant. The coejfficient of determination indicates that 36 percent 
of the increment variance was due to differences in crown area. 

When the average cross-sectional increment for the last 30 years 
was used, instead of the increment for the last 10 years, the cor- 
relation coefficient was 0.55 as against 0.60 for the 10-year period. 
Average crown diameter and the cross-sectional increment for the 
last 10 years gave a correlation coefiicient of 0.57. Crown length and 
area increment gave a coefficient of 0.54. Multiple correlation for 
the three factors — cross-sectional increment, crown diameter, and 
crown length — gave a coefficient of 0.59, which is almost the same as 
that obtained for increment and the crown area, based on the formula 
of a semiellipse. This is another way of showing that crown diameter 
and crown length augment each other to oifiy a small degree in 
accounting for differences in ginwth increment. If the product of 
crown diameter and crowm length for each tree is plotted against the 
cross-sectional increment, a correlation coefficient of 0.59 is obtained, 
which is the same as that obtained in multiple correlation and ap- 
proximates the coefficient of 0.60 for crown-surface area and cross- 
sectional increment. The small differences between the coefficients 
derived from crown area, multiple correlation, the product of crown 
diameter and crown length, and crown diameter indicate that, for 
most purposes, crown diameter is to be preferred to crown area as a 
measure of area of growth increment because fevver measurements and 
computations ai*e involved. 

No adjustment w^as made in the foregoing data for variation in 
bole length. An attempt was made to correct for this by computing 
the approximate bole surface (inside bark, including the height to 
base of crown) of each tree and the annual radial increment for the 
last 10 yearn. This volume increment correlated with crown-surface 
area gave a coefficient of 0:22. When volume increment w^as cor- 
related wdth crown diameter the coefficient was 0,42. Why these 
correlations for volimie increment should be lower than those for 
cross-sectional increment is not apparent. Possibly the trees with 
larger crowns put much of the growth increment on the branches and 
upper bole as wudl as on the bole below the live branches, or perhaps 
the volume increment figures are too inaccurate to give entirely de- 
pendable results, since the growth rate at various heights and the 
taper of the tree were not measured on each tree. 
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There was no significant cori'elation when rings per inch for the 
last 10 years were plotted against crown-surface area. There did not 
appear to be a definite relation between the crown size and the spe- 
cific gravity of the wood in the outer half of the tree growth^ even 
when the variation in sizes of the tree tnuiks was taken into account. 

XII. PARTIAL CORRELATION ANALYSIS 

The coefiicients of partial correlation were computed for the vari- 
ables rings per inch, specific gravity, and volumetric shrinkage. Volu- 
metric shi’M^age was used as the dependent variable, or the property 
upon which the influence of one factor was to be measured while the 
effect of a third factor or property was eliminated. 

The correlation between volumetric shrinkage and specific gravity 
wdien rings per inch was held constant wus 0.641. The drop from 
0.734 for gross correlation to 0.641 for partial correlation indicates 
that as the rate of growth varies, it has some effect on the true correla- 
tion of specific gravity wuth volumetric shrinkage. 

The partial coefficient of correlation between volumetric shrinkage 
and rings per inch with the influence of specific gravity eliminated was 
— 0.338. The gross coefficient of determination was 0.314 and the 
partial coefficient 0.114. This relatively large decrease means that 
the gross correlation of volumetric shrinkage with rate of growth was 
largely a relationship between specific gravity and volumetric shrinlc- 
age, expressing itself, in part, as a rate-of-growth influence. 

When the aggregate relationship of these three variables was cal- 
culated, it was found that the coefficient of multiple correlation was 
0.77, or slightly higher than the original gross correlation between 
specific gravity and volumetric shrinkage. That the value is not 
higher is due to the small effect of rings per inch on the shrinlcage, as 
shown above. The multiple correlation indicates that the factors of 
rings per inch and specific gravity together account for about 55 per- 
cent of the variance of the volumetric shiinl^age. 

Xin. SPECIFIC GRAVITY OF WOOD FROM NORTH AND SOUTH SIDES OF TREE 

The average specific gravity of the wood from the north and south 
sides of each tree wurs obtained from the data on the blocks on each 
side, sapwood and heartwood included (except the zone 2 inches from 
the pith). Equal wnight was given for each tree in computing the 
averages for all trees, since the desired result is concerned with the 
situation among trees even though they are not of the same size. 
The average number of rings per inch for each side was approximately 
the same (17 and 18). The average specific gravity for the north sides 
was 0.375 and for the south sides 0.377. The two values are not 
significantly different. In 11 trees the wood on the north side had 
the higher specific gravity, and in 12 trees, the wood on the south side 
had the higher specific gravity. The range of ratios of the higher 
specific gravity to the lower was 1.01 to 1.12 wdien wood from the 
north sicie had a higher specific gravity than wood from the south 
side, and 1.01 to 1.09 w^hen the reverse was true. The mean in both 
cases was 1.04. 

The average specific gravity of a particular side seemed to be 
associated with the length of the radius (north or south) of the trees. 
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111 11 trees the side wliicli had the higher specific gravity was the side 
of shorter radius, and in 5 trees the side of higher specific gravity was 
the side of longer radius. In the remaining 7 trees, there was either 
no appreciable difference in specific gravity between the two sides 
(less than 2 percent) or else the. two radii were nearly the same. Of 8 
trees in which one radius w^as 20 percent greater than the other, 5 had 
the longer radius on the north side and 3 on the south side. Four ot 
the 8 were heavier on the shorter side, 2 were lighter on the shorter 
side, and 2 showed no appreciable difference in specific gravity. 

XIV. LONGITUDINAL SHRINKAGE 

The average longitudinal shrinkage for all the blocks from all the 
trees (except 'wood near the pith) was 0.20 percent. The average 
slirinkage for the wood on the north side of the trees was 0.21 percent 
and for that on the south side 0.18 percent. The maximum average 
shrinkage found along a radius in any tree was 0.36 percent. In 14 
trees the average longitudinal shrinkage was greater on the side of 
the lower specific gravity. In only 1 tree was there higher longi- 
tudinal shiinkage on the side of higher specific gravity. In the 
remaining 8 trees the shrinkage was about the same on both sides, or 
else the specific gravities were nearly the same. The relative length 
of the north and south radii on each tree also seemed to be associated 
more or less with longitudinal shrinkage. In 15 trees, the side of 
longer radius had the greater longitudinal shrinkage, but the ratios 
for 5 of these were small. In 7 trees the side of shorter radius had the 
greater longitudinal shrinkage, but in only 3 of these was the relation 
definite. These results agree with those recorded in section XIII in 
which it was shown that in 11 trees the side of shorter radius had the 
higher specific gravity, in 5 the reverse was true, and in 7 either the 
specific gravity ratio or the radius ratio w^as so small that the data 
were neutral. High or low longitudinal shrinkage did not seem to be 
associated with fast or slow growth or with deviation from the normal 
in other respects. Since the shrinkage values are not unusual, 
associated factors may not be present. 

The above results are not considered conclusive but are presented 
as an observed trend which should be checked by other work. 

When longitudinal shrinkage was plotted against specific gravity, 
using the average values of north and south sides, no significant 
correlation resulted. This comparison presents a different picture 
from that obtained by comparing ratios of the two sides of a tree. 
Trees may have a similar north- to-south ratio but be very different 
in specific gravity in whole or in part. 

DISCUSSION 

One of the principal reasons for making the statistical analyses 
presented herein w^as to determine the reliability and the closeness 
of association between the various factors that affect specific gravity 
and shriakage in wood. It has been common practice to say that 
certain factors influence specific gravity and shrinkage and either to 
ignore or to give inadequate evaluation to the useMness and relia- 
bility of the relationship of these factors. For example, there is 
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general agreement in the literature that the rate of growth has an 
influence upon specific gravity; but there is very little information 
to shoiv how much of the variation in specific gravity is due to or is 
associated with number of rings per inch. A procedure such as the 
one used in this experiment gives a measure of this association and 
also provides information on the significance of some factors that 
contribute to variation. 

Only one tree used in this study had an average growth rate as 
fast as 8 annual rings per inch. This was a codominant which grew 
at the bottom of the slope near a creek. In the first 10 years this tree 
grew at the rate of 6 rings per inch; thereafter the rate was uniformly 
8 rings per inch. The tree was 21 .4 inches diameter breast high and 85 
years old. The trees that made the next most rapid growth averaged^ 
respectively, 10.5 and 13 rings per inch. 

It is somewhat disturbing to find that so few of the relationships 
show: a high degree of association of the variables involved. In these 
cases undetermined factors may be of major importance. This seems 
to be true with respect to rings per inch and specific gravity, for 
example. It is desirable, at this point, to emphasize the diflerence 
between one tree and another in the closeness of association of any 
two of the variables to be measured. It is evident from the wide 
range of the coefficients given for the different pairs of variables and 
from the significance of the mean squares that the relation of, say, 
specific gravity and volumetric shrinkage is very different from one 
tree to another and may be very different also from the average coeffi- 
cient for the group of trees. The differences betw^een these values 
show also that one cannot rely on a small number of trees for obtaining 
the measure of a variable factor upon a property of wood that will 
have sufficient reliability to give the results real worth. This is true 
also in measuring any single factor or property. In using an equation 
or a curve to derive one value when the other is known, the derived 
value represents the average that would be expected from a large 
number of samples having the same value as the X variable. However, 
if the best curve that can be made reduces the total variance of Y by 
only a small amount, say 25 percent or less, we must accept this fact 
and recognize the limitations of the equation (or curve) as a means 
of computing or predicting the values that we wish to use as actual 
values. In this connection the standard error of estimate of the 
dependent variable, F, is of some use in indicating the probable 
limits of error of the estimated value. 

Linear relationships have been used for most of the analyses reported 
in this study. Judging from the data, there seemed to be good reason 
for doing so; also, the use of linear relationships makes possible the 
analysis of covariance to evaluate the various factors reported. It is 
doubtful whether there are sufficient points in the range of less than 
10 rings per inch to determine accurately the end of the curve that 
involves rate of growth. It may be that the curve should flatten out 
or even drop a little, as is indicated by certain workers (^, d) . In the 
present study it seems unlikely that the error of the curve, if any, 
would be more than the change of the ordinate value to the left of 8 
rings per inch. The regressions have not been computed to pass 
through the zero points of the X and Y axes. Rather, the graphs. 
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a,nd statistical conclusions are based on the experimental data without 
lioldiiig to controi points. The statistical values obtained should 
therefore be the best values for the data. 

In order to hold to a minimum such variables as climate and soil^ 
the sampling in this study was limited to one area. No positive 
statement is therefore justified in regard to the results that might have 
been obtained if trees from other areas had been included. Neverthe- 
less, on the basis of the generally accepted evidence that there may be 
as much variation in the specific gravity of trees within one large area 
as between those from widely separated areas, the results of this 
study should give a fairly good idea of what might have been found 
had other areas been represented. 

As previously mentioned, the test blocks were not taken from the 
same height in all trees, but the maximum difference of 10 feet in 
height probably had little influence on the results since butt wood 
i-vas not used. 

Since this project was started other work has been reported which 
has some relevance to this paper. Stern (7), in his report on the 
strength properties of yellow poplar, reports only a 2 percent greater 
average specific gi*avity of sapwood over heartwood and ■—5 percent 
for heartwood near the pith. 

Luxford and Wood (2) found no significant difference in specific 
gravity between sound heartwood and sapwood. The above results 
are in good agreement 'with the facts revealed in this study, in which 
the specific gravity of the sapwood was 2.4 percent higher than that 
of the normal heartwood and the specific gravity of the wood near 
the pith was 7.7 percent lower than the normal heartwood. 

In view of the fact that the difference between heartwood and sap- 
wood was small and not highly significant, and taking into considera- 
tion the results of other workers, it is concluded that there is no im- 
portant difference in specific gravity between the heartwood not near 
the pith and the sapwood of yellow poplar. The evidence indicates, 
however, that heartwood near the pith has a significantly lower 
specific gravity than heartwood away from the pith. The average 
specific gravity of 0.378 (based on volume when green and weight 
when oven-dry) was about the same as that reported by Stern (7) 
^ used in his project, but was below the average reported 

by Paul and Norton {6) for second growth (0.392) and for young trees 
in old-growth stands (0.399). Actually, it was between these values 
and their value for old-growth trees (0.363), As they point out, their 
value of 0.392 includes the wood near the pith in trees originating in 
fairly open stands. If that were excluded the average specific gravity 
would be somewhat higher. The average specific gravity reported 
by Luxford and Wood (2)^ in a recent study involving 250 random 
specimens for specific gravity (86 of which were from West Virginia) 
was 0.38, on the basis of weight xvhen oven-dry and volume when 
green; the average number of rings per inch was 18. The species 
average given by Markwardt and Wilson {S) is also 0.38; the average 
number of rings per inch was 14. The specific gravity of 0.378 
resided in this paper was from blocks averaging 16 rings per inch. 

i he evidence presenting an average specific gravity of 0.3 8 f o r yel- 
low poplar seems to be well substantiated. If the samples show a high 
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ratio of either very fast or very slow rate of growth a different average 
figure may be expected. 

Table 8 presents a comparison of the shrinkage values of yellow 
poplar reported from several sources. 


Table 8. — Shrinkage values of yellow poplar 






Shrinkage 

& 

Eeference 

Trees 

per inch 

Specidc 
gravity i 

Volu- 

metric 

Radial 

Longi- 

tudinal 


Number 



Percent 

Percent Percent 

Percent 

Present report. 

23 

16 

0.378 

11.9 

7. 7 4. 2 

0.20 

Markwardt and Wilson (3) 

11 

14 

.38 

12.3 

7.1 4.0 


Boomsliter (i) 

1 

14 

2.43 


7. 2 4. 1 

.15 


1 Based on green volume and oven-dry weight, 

2 Galculated from reported density of oven-dry material. 


The differences among the various shrinkages are not large or 
important with the possible exception of tangential shrinkage. The 
method of measurement, as pointed out earlier, may account for the 
higher values obtained in this work. 

SUMMARY 

Some of the physical properties of yellow poplar (age 86 to 273 
years) and some of the factors that might influence these properties 
were studied. Statistical analyses were used to evaluate these rela- 
tionships and to indicate the interacting factors. 

The specific gravity was found to vary inversely with the number 
of rings per inch but the correlation coefficient was small (—0.483). 
The difference between tree regressions and the difference between 
means of specific gravity of trees were found to be highly significant. 

An inveme relationship was obtained between number of rings per 
inch and shrinkage — volumetric, tangential, or radial. 

The variation between tree regressions for rings per inch and vol- 
umetric slirinkage and also between tree means of voliunetric shrink- 
age were significantly different. The gross correlation was —0.560. 

The total correlation for rings per inch and tangential shrinkage 
was 0.676. The tree means of tangential shrinkage were significantly 
different from each other. 

The correlation of the tree mean values of rings per inch and radial 
shrinkage was small and nonsignificant (—0.166). 

Volumetric shrinkage increased as specific gravity increased. The 
total correlation coefficient and the correlation coefficient between 
tree means were 0.734; thus, specific gravity accounted for 54 percent 
of the variance of volumetric shrinkage. The regressions for the 
individual trees and the mean values of volumetric shrinkage between 
trees varied more between themselves than would be expected from a 
uniform population. 

The gross correlation for specific gravity and tangential slirinkage 
was 0.676. The tree regressions were significantly different from 
each other, and the tree means were also significantly different. 
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The gross correlation of specific gravity with radial shrinkage was 
0.487, somewliat lower than with tangential sMiikage. Highly sig- 
nificant diftereiices were found between individual tree regressions 
and also between tree means of radial shrinkage. 

The total correlation was not usually the same as either the corre- 
lation of tree means or the average correlation within the trees. 

Age was found to have some effect on specific gravity, especially 
in the blocks of 20 rings per inch or less. However, these results are 
not considered conclusive. 

Wood near the pith was lower in specific gravity, radial shrinkage, 
and longitudinal shrinkage than wood farther out; in volumetric 
sluinkage there was little difference. 

Wlien the rate of growth changed in a tree there was usually an 
accompanying change in specific gravity, although the amount of 
change in specific gravity^ was quite variable. Wlien the tree resumed 
its former rate of growth, specific gravity tended to return to its former 
value. 

The initial rate of growth did not appear to influence the average 
specific gravity of the wood subsequently formed. 

Crown-surface area correlated with the annual cross-sectional in- 
crement for the last 10 years gave a coefficient of 0.60. The correla- 
tion coefficient obtained where crown diameter was used instead of 
crown surface area was 0.572; with crown length the coefficient was 
0.535. With calculated volume increment of the bole and crown- 
surface area, the correlation coefficient was 0.22. 

No difference with respect to specific gravity was found between the 
north and south sides of the tree. There was some evidence that the 
side of shorter radius was more likely to have a higher average specific 
gravity than the opposite side. 

The average shrinkage values, excluding wood near the pith, were: 
Volumetric 11.92 percent, tangential 7.67 percent, radial 4.20 percent, 
and longitudinal 0.20 percent. The average rate of growth was 16 
rings per inch. 

The average longitudinal shi’inkage was generally greater in wood 
from the side of the lower specific gravity whether the wood was from 
the north or the south side of the tree. Likewise, wood from the side 
of longer radius usually showed a greater average longitudinal shrink- 
age than wood from the side of shorter radius. 

The average specific gravity (based on oven-dry weight and volume 
when green) of 0.378, obtained in this study, is in good agreement 
with results obtained by other workers on yellow poplar. 

Except in wood near the pith, no important difference was found 
between the specific gravity of sap wood and heartwood* 
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DECAY RESISTANCE OF SEVEN NATIVE OAKS^ 

By Theodore C. Scheffer, pathologist, George H. Englerth, associate pathol- 
ogist, and Catherine G. Duncan, assistant pathologist, Division of Forest 
Pathology, Bureau of Plant Industry, Soils, and Agricultiiral Engineering, 
AgriculU^^^^^ Research Administration, United States Department of Agriculture'^ 

INTRODUCTION 

Oak is first among the United States hardwoods both in the volume 
available and in the volume used. This large acceptance is not 
entirely a result of the quantity at hand. Certain oak species have 
always been desired for their superior decay resistance and have 
been widely used for boat construction, ties, piling, bridge timbers 
and planking, rm*aHine poles, and other items commonly subjected 
to considerable decay hazard. 

Oak species favored for decay resistance are generally specified 
commercially as ^hvhite oak” and are not otherwise distinguished. 
The other species are generally referred to simply as ^h‘ed oak.” 
This broad classification, which for the most part follows the botanical 
segregation of the species into white oak and red oak (or sometimes 
black oak) groups, has been convenient and apparently reasonably 
satisfactory. However, although it has been well established by 
general experience that the species of the red oak gi^oiip usiiall}^ do not 
last as long as those of the white oak gi'oup, there is little specific 
information to indicate how much inferior they may be in that respect. 
Moreover, there is practically no information about the relative decay 
resistance of the respective species within the two gi*oups. Differences 
in decay resistance also occm* within the same species of oak. One 
has but to observe the differences in service life of posts of a given 
species in the same fence line to be convinced of this. The more 
that is known about these differences in resistance both between and 
within species, the better will be the basis for selecting oak wood to 
meet varied durability requirements. Insofar as a choice can be 
made, it is often as inappropriate and as expensive to use wood of 
high diuabilit}’- on a dry site as it is to place nondurable wood on a 

1 Received for publication June 18, 1948. This study was carried out in 
cooperation with the Forest Products Laboratory, maintained by the Forest 
Service, U. S, Department of Agriculture, at Madison, Wis., in cooperation wdth 
the University of Wisconsin. 

2 The study was proposed and its broad features were outlined by Carl Hartley, 
of the Division of Forest Pathology. The writers are indebted to J, R. Hans- 
broiigh, P. V. Mook, E. R. Roth, R. U. Swingle, and A. F. Verrall, of the same 
division, and to B. H, Paul, of the U. S. Forest Service, for identifying and col- 
lecting the test material in the different regions. Much credit is also due R. L. 
Krause, formerly of the Division of Forest Pathology, for help in conducting the 
tests. ■ 
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damp site. In addition to selecting the most appropriate wood at 
hand to meet different service needs, the time iiiay come when it 
will also be practicable to gi'ow oak wood of superior decay resistance. 

The purpose of the study reported herein was to ascertain by means 
of laboratory tests what differences in decay resistance exist (1) among 
some species of the commercially important oaks, (2) among trees of 
the same species in the same and different localities and regions, and 
(3) in different parts of the same tree. Samples were obtained from 
407 trees. Of 375 trees that constituted the main basis of the study, 
222 represented 4 species in the white oak group and 153 represented 
3 species in the red oak group. The trees were distributed in 9 different 
regions in which most of the commercial oak is grown and in 2 or 
more rather widely separated localities in each region. 

In appraising the information presented it should be kept in mind 
that laboratory decay tests introduce a factor of artificiality that 
precludes application of the results to quantitative predictions of 
service life. Nevertheless such tests can be made to indicate with 
considerable reliability whether one wood is likely to last longer than 
another in the same situation and whether the difference is likely to 
be large or smaU. Also, they are particularly well suited to disclose 
rapidly trends of association between decay resistance and other 
measurable characters of the wood. 

MATERIALS AND METHODS 

SOURCE AND KINDS OF TEST TREES 

The seven species of oak tested follow: 

White oak group: 

White oak {Qxiercm alba L.). 

Oregon white oak {Q. garryana Doug, ex Hook.). 

Chestnut oak {Q. moniana Willd.). 

Swamp chestnut oak (Q. primis L.; syn., 0, michauxii Nutt.). 

Red oak group: 

Northern red oak {Q. borealis Michx.). 

Scarlet oak (Q. coccinea Muench.). 

Black oak (Q. velutma Lam.). 

The location of the trees in the nine different regions that were 
considered is shown in figure 1 . 

To minimize any variation in decay resistance that might be caused 
by differences in tree size, dominants and codominaiits within a range 
of diameters at breast height (d. b. h.) from 15 to 18 iiiches were used 
exclusively in all phases of the study except the phase dealing specifi- 
cally with the relation of decay resistance to tree size. With a few 
exceptions six to eight trees of a species were sampled in each locality. 

In addition to the trees selected in localities shown in figure 1, 32 
white oak trees having a wide range of diameters were sampled in a 
locality near Madison, Wis. ; these furnished all the information that 
was gathered relative to decay resistance and tree size. 

TEST SPECIMENS 

The test samples were removed from the trees in the form of incre- 
ment-borer cores, 0.21 inch in diameter, and as small blocks. The 
cores were relied upon for evidence of differences in decay resistance 
among trees and among localities and regions and were taken from all 
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Fkiure 1. — General regions in which the test oak trees were located: C, Central; 
MR, upper Mississippi River Valley; NA, northern Appalachian; NE, northeast 
coast; P, Pacific coast; PP, southeast Piedmont Plateau; S. southern; SA, 
southern Appalachian ; SE, southeast coast. The numerals following the region 
symbols designate the well-separated localities. 

trees. The blocks were used for determinations of trends of decay 
resistance in different parts of individual trees and were taken from 
only 17 of the trees. 

Cores were used in most of the tests because they could be rapidly 
obtained from a large number of standing trees without serious injury 
to them. Although only about one-tenth the size of the blocks, they 
appeared from correlation and variance analyses to give as reliable 
results if they were weighed more accurately. Six cores were taken 
from each tree at breast height, three from one side and three from 
the side directly opposite. The sapwood ”was eliminated and the 
outermost 2 inches of heartwood was tested. The sapwood was 
identified or its identity confirmed in all cases by means of a colori- 
metric pH test, as described in Forest Products Laboratory Technical 
Note 253 {10)? 

The blocks, 1 by 1 by ]i inch in size with the short axis parallel with 
the grain, w^ere obtained from felled trees. They w^ere sawed out 
consecutively across an entire diameter located at two different 
heights in the trunk, one at breast height and the other near the upper 
limit of the merchantable part of the trunk. 

Most of the specimens were collected in February or March, when 
the trees were dormant in all localities except Louisiana and Texas. 
In the specimens from these States there was no evidence that the 
postdormant condition was a material factor of the decay resistance. 
Samples were taken only from trees having characteristic fruit and 
bark as described for the species. The identity of the samples of 

3 Italic nuinbers in parentheses refer to Literature Cited, p, 15^, 
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black oak was confirmed hj observing the bark in the laboratory 
under ultraviolet light. The inner bark typically fluoresces with a 
blood-red color not observed in the other species. 

TESTING PROCEDURE 

Decay resistance was ascertained by exposing the cores and blocks 
to pure cultures of selected cleeay fungi. This was done in 6-oimce 
glass bottles of the French-square type, each containing 25 ml. of 
malt-agar nutrient medium.^ The fungus was first allowed to cover 
the surface of the medium. A sterile V-shaped glass rod, 4 mm. in 
diameter, was then laid on the center of the fungus mat; this served 
as the support for the single test specimen introduced directly after- 
ward into each bottle. Before the specimens were tested, they were 
given a partial sterilization treatment by steaming them while air- 
dry in glass bottles for 20 minutes at 212° F. Such treatment of air- 
dry wood probably affects its decay resistance very little. The test 
units were incubated for 4 months at 80°. 

The extent of decay was measured by the percentage loss in dry 
weight of wood. Both before and after they were tested, the speci- 
mens were dried to constant weight in equilibrium with a relative 
humidity of 30 percent and a temperature of 80° F. The percentage 
losses in weight were determined on the basis of these weights, thus 
giving a result essentially on an oven-dry basis but with the advan- 
tage that no risk of altering the decay resistance by actual oven dry- 
ing was entailed. 

Initially, three different decay fungi were used in consideiing all 
variables except diameter. These were Poria monticola Murr. 
(Madison 698),^ a very destructive species causing browm rot and 
perhaps one of the most prevalent fungi attacking pine, Douglas-fir, 
and oak boat timbei‘s {4)yLenzites trabeaFT. (Madison 617), a brown 
rotter that attacks a variety of woods; and Stereum frustuloswm Fr. 
(E.P. 5646 l-K), which produces a wdiite pocket rot in dead oak timber 
and logs and which was the only white rot fungus frequently isolated 
from boat timbers. 

Two cores from opposite sides of each tree and two blocks from 
each position sampled in the felled trees were tested against each 
fungus, thus making a total of six independent measures of decay 
resistance per tree or position in a tree. 

The relation of white oak decay resistance to d. b. h, was ascertained 
about 3 years after the other phases of the study had been completed. 
By that time it had become apparent in supplementary observations 
that, although brown rot fungi are common in the decay of oak posts, 
ties, and structural wood, wliite rot fungi are probably fully as impor- 
tant generaUy. For example, in 34 black oak fence posts near 
Madison, Wis., about 20 percent of the heartwood decays were mixed 
brown and white rots, 24 percent Aver e brown rots, and 56 percent 
white rots. In a study of decay of oak ties and posts Roth (6) found 
that 3 of the 6 fungi responsible for most of the decay resulting from 
infections subsequent to felling of the trees were white rotters. Con- 

* Consisting of 2,5 percent of Trommer's diastasic malt extract and 1.5 percent 
of agar in distilled water. 

®This fuiwus was originally called Porta microspora Overh. It was received 
from Ross W. Davidson, Division of Forest Pathology, as Wash. 106, 
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sequently, in the consideration of the d. b. h. variable only Poria 
monticola and Stereum frustulosum were retained of the original 3 
fungi and with these was used Polyporus versicolor Fr. (Wash. 72074, 
or Madison 697), one of the most destructive, widespread, ancl 
versatile of the white rot fungi attacking hardwoods. 

In order to determine whether the conclusions derived from use of 
the original three fungi would also be applicable to decay by strictly 
white rot fungi,® a I'epeat test was made on wood blocks (p. 130) 
For this purpose Poria monticola’^ and Polyporus versicolor were used 
again, with two additional white rotters — an unidentified species 
(Madison 4411-1) that had been isolated from decayed gum wood in 
an Army glider and Madison 517/ a species of uncertain classification 
that had been widely used over a long period for testing the toxicity 
of wood preservatives. 

RESULTS 

RELATIVE DECAY RESISTANCE OF THE TESTED OAK SPECIES 

The relative resistance of the tested oak species to decay by the 
three fungi used in the initial testing is indicated in figure 2. Species 
having the largest percentage weight loss had, of course, the lowest 
resistance. The order of differences in resistance between the white 
oak and red oak groups is in line with general service experience. The 
differences in resistance shown for the four species of the white oak 
group were not anticipated, however, and it is apparent from these 
differences that species in the white oak group are by no means in a 
single class of decay resistance. Insofar as these results may be 
generally representative, white oak (Quercus alba) would appear to 
occupy a more or less intermediate position of resistance in the -white 
oak group. On the average the chestnut oak was substantially more 
resistant than the white oak, and the swamp chestnut oak was consider- 
ably less resistant. The Oregon white oak, although represented by 
very few trees, appears to be at least as resistant to decay as the white 
oak. 

The species of the red oak group (black, northern red, and scarlet) 
lost on the average about four times as much -weight by decay as did 
the chestnut oak and more than twice as much as the white oak. 
Differences found among the three species of the red oak group were 
slight and of doubtful practical significance. 

Although the foregoing general observations, which were based on 
the average results given by all three test fungi, are probably repre- 
sentative of differences among the species to be expected commonly, it 
should be noted that the differences in resistance among the species 

^hmsmiiGh siS Slereiim frustulosu7n produces a white pocket rot, it cannot be 
considered as a white rot fungus in the strictest sense. Moreover, it has been 
reported as failing to give the typical white-rotter reaction on gallic or tannic acid 
medium (S). 

" Although Poria monticola had been used in the first tests, there was no certainty 
that some changes in the decay resistance of the wood might not have taken 
place during the subsequent 3-year period. Actually, the reBults obtained with 
this fungus in the first and the repeat test were substantially alike (correlation 
coefficient == 0.88) . 

®This fungus has been listed in previous reports from this laboratory as Fomes 
annosuB (Ft.) Cke., but now it has been found by several investigators to be 
culturally more like Polyporus tulipiferuB (Schw.) Overh. 
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in the white oak group to the individual fungi were not altogether 
similar. The relative resistance of the respective species to the brown 
rot fungus Poria rnonticola was much like that indicated by the average 
results. On the other handj the differences in resistance to the second 
brown rot fiingus, Lenzites trabea, although the most marked m all 
between the red and the white oak group, were small and of doubtiul 
significance among the species of the white oak group, hindmgs in 
other tests similarly have indicated i. trabea to be capable of attacking 
rather strongly hardwoods of moderate to low resistance but only 
weakly those of greater resistance. The white pocket rot fungus 
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CHESTNUT OREGON WHITE SWAMP BLACK NORTHERN SCARLET 
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WHITE OAK GROUP RED OAK GROUP 


FiGirRE 2. — Average weight loss caused by decay in cores from trees of the 
different oak species. Species with largest percentage of weight loss had least 
decay resistance. 

BteretmJrmtulosumj wdiich is a specialized inhabitant of oak wood, 
decayed the species of the white oak group almost as rapidly on the 
whole m P . moniicola; this indicated comparable differences in resist- 
ance among those species. S. frustulosum decayed the red oak, species 
more slowly than either of the other two fungi, however, with the 
result that the difference in resistance to it between the red and the 
white oak group was smaller; only the chestnut and Oregon white 
oaks demonstrated resistance to S. jmstulosum substantially superior 
to that of the red oak group. 

The tests on wood from different positions in the tree, described on 
pagel48,furnish limited additional dataon the resistance of the chest- 
nut, white, swamp chestnut, and northern red oaks, in this case to 
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the three typical white rot fungi, Polyporus versicolor, Madison 517, and 
Madison 4411-1. The species differences in weight loss caused 
these fungi were on the average smaller than those caused by the other 
fungi, mainly because of a slow^er general attack by Madison 517 and 
Madison 4411-1 and the fact that, although P. versicolor decayed the 
white oak species more rapidly than any of the other fungi, the differ- 
ences in resistance to this fungus were not correspondingly larger. 
Of greater significance, however, is the fact that the relative resistance 
to the three fungi exhibited by the outer heartwood (representing the 
major volume of heartwood) of the species was indicated to be very 
much like that denoted by the average weight losses shown in figure 2. 
The remainder of the heartwood was characterized by a reversal in 
the order of resistance between the northern red and the swamp chest- 
nut oak and between the white and the chestnut oak. 

VARIABILITY IN DECAY RESISTANCE AMONG TREES OF THE SAME SPECIES 

Some further light is shed on the species differences by observing 
the variabilit}^ in decay resistance among the trees of the respective 
species as shown in figure 3. This figure is based on smoothed cumu- 
lative-frequency curves of the weight loss. Essentially, each species 
diagi’am is a double frequency histogram having unequal class intervals. 
The as^mimetry of a number of the diagrams undoubtedly can be 



WHITE OAK GROUP RED OAK GROUP 


Figure 3.— -Distribution diagrams for weight loss by trees in the different oak 
species, based on averages for Lenzites trabea, Poria monticola, and Stereum 
frustuloS'iw'L All diagrams have the same total area, representing 100 percent 
of the trees of the different species, and each of the 5 segments in a diagram has 
the same area (20 percent of the total) and represents 20 percent of the trees as 
arranged in order of weight loss. Thus the percentage of trees of a given species 
failing within a particular weight-loss range can be estimated from the percent- 
age area occupied by the corresponding portion of the species diagram. 
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ascribed partlY to the comparatively small number of trees sampled. 
It is also evident, however, that some of the “bimching’’ of trees, 
which was most marked with chestnut and scarlet oaks, is a reflection 
of the restrictions on weight loss imposed by zero_ and the upper limits 
of weight loss. The upper limit for brown rot fungi, as indicated in 
previous tests by the writers and in tests by Findlay (5), appears to 
.be near 60 to 65 percent. 

Perhaps the most striking information brought out by figure 3 is the 
fact that the variability in resistance among trees of a particular species 
may be comparatively large.® Consequently, although the average 
resistance of one species may differ substantially from that of another, 
a considerable proportion of the trees of the two species may have 
wood in the same resistance class. For example, although the wood 
of the black oak trees lost on the average more than twice as much 
weight as that of the white oak {Quercus alba) trees, about 50 percent 
of the white oak trees and about 40 percent of the black oak fell within 
the same range of weight losses {15 to 35 percent). This evidence in 
itself might well account for conspicuous cliflerences in the service life 
of oak wood of the same species. Moreover, it reveals the possi- 
bility of growing oak wood of greatly improved decay resistance 
by propagating strains of superior resistance. If vegetative propaga- 
tion of oak ultimately becomes practicable or if seedling progenies 
inherit a sufficient portion of parental resistance, strains of white oak 
or swamp chestnut oak might be selected, for example, with two or 
even three times the average decay resistance of those species. Not 
only would a higher average resistance thus be provided, but also a 
more uniform and therefore a more predictable service life would 
result. The weight-loss distribution diagram for the chestnut oak 
(fig. 3) would seem to be a conservative illustration of what might be 
accomplished along this line. 

Another possibility would be selection of red oak species with heart- 
wood resistance equal to that of the average white oak, which, with 
the capacity of the red oaks to take preservative treatment, would 
give ties and structural timbers combining strength and decay 
resistance to a high degree. 

Not only resistance to decay in service but also resistance of stand- 
ing trees to heart rot might be improved by such selection. Judging 
from the findings in a recent study of the wood of black locust {Bohinia 
pseiidoacaem the decay resistance may be as characteristic and 
permanent a feature of a given strain of timber as anything else about 
it. Stands of oak once established reproduce more often by sprouts 
after cutting than from seed, thus tending to perpetuate the established 
strains. , ' 

No clear difference was found between the decay resistance of white 
oak {Quercns alba) wood and wood from trees of the same species 

® The ranges of weight loss illustrated in figure 3 are somewhat larger than 
those representative of the actual variation in decay resistance. That is’^because 
the weight losses also include the experimental error of determining them. In- 
creases from this source, however, are probably no larger than, if as large as, the 
increases that would be had purely as a result of increasing the sami ling basis. 

ScHBFFEE, T. C., and Hopp, H. the decay eesistance of black lgccst 
HE A ET WOOD. (Unpublished manuscript.) 
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sometimes referred to in the Northeast as “yellow-bark oak.” Like- 
wise^ no difference was found between northern red oak wood and 
so-called “gray oak” wood of this same species. 

LOCALITY AND REGIONAL DIFFERENCES IN DECAY RESISTANCE OF THE TESTED 

OAK SPECIES 

The over-all variability just observed in the decay resistance among 
trees of a given oak species does not appear to consist simply of more 
or less uniform differences among the trees everywhere. Rather it 
appears to be partially contributed by differences in average levels 
of resistance of wood from the different localities and regions. Many 
such differences were very marked. For example, in table 1 it may 
be noted that the average weight loss produced by Poria monticoh 
ill white oak wood from locality 1 of the upper Mississippi River 
Valley region was 36.3 percent, whereas that in wood from locality 
3 of the same region was only 5.9 percent. Similarly, the average 
weight loss caused by P. monticola in white oak from this region as a 
whole was 19.4 percent, whereas that in wood from the northeast 
coast was 31.9 percent. Smaller but nevertheless considerable dif- 
ferences appear in the corresponding averages for decay by the other 
two fungi. 

Two questions raised by these findings are (1) whether such locality 
and regional differences might be purely a random result, the main 
features of which would not necessarily be obtained if other sets of 
trees were sampled on the same areas and (2) whether these differences 
if they are real are of genetic origin or are attributable to differences 
in conditions under which the trees were grown. A general answer 
to the first question may be had by treating the data statistically 
according to the method of analysis of variance. Terminal compu- 
tations needed for this analysis are given in table 2. 

If the differences in weight loss between cores from opposite sides 
of the trees (section D) are taken as the nearest measure of experimen- 
tal error, it is apparent from the number of significantly larger vari- 
ances of section C (denoted by significant F values) that there wnre 
real differences in decay resistance among white oak trees even in the 
same locality. Inasmuch as the trees in any one locality were of 
approximately the same size and age and were grown in practically the 
same general environment, this may be construed as an indication of 
genetic differences in resistance. A similar and rather general varia- 
tion in resistance among trees within localities is indicated in the other 
species considered in table 2; it was not so pronounced as with the 
white oak, however, and was statistically significant for considerably 
fewer of the regions individually. 

In the same way the variation in resistance among trees within 
localities can be used to test the variation in average resistance of wood 
from the different localities of a region (section B). Twelve of the 
twenty -seven locality variances for individual regions in section B 
were significantly larger than the corresponding tree variances in 
section C; thus they were larger than might reasonably be attributed 
to random differences among the sampled trees. Although the number 
of localities considered in each region was too small to permit appraisal 
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Table 1.— Average weight loss canised by decay in wood Ji'om various oak species, regions, and localities — Continued 
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^Statistically significant difference at the 5-percent level. 

♦♦Statistically significant difference at the l-pertM3nt level. ^ ^ ^ 

1 Obtained by dividing the variance by the corresponding variance below it in the table. For example, variances in group A are tested by the corresponding variances m group 
B, those in group B by corresponding ones in group C, etc. 

2 Begion symbols explained in legend for figure 1. 
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of tlie sitiiatioii in general, this result suggests that to a limited extent 
at least there tends to be a closer genetic relation among trees of a 
given oak species in the same locality than there is among the trees of 
different localities. This inference is valid, of course, oniy if environ- 
niental or other extraneous factors had no prominent influence on the 
results. 

Regional differences in the average decay resistance of a particular 
species of oak (section A) are indicated by the variance ratios to^ have 
been in no case larger than might be expected among localities^ of 
comparable size in a single region. It may be noted in this connection 
that for testing the regional cliff erences the pooled variances of section 
B, representing the average amongdocalities variances for all regions, 
were used. In spite of the marked differences in magoitiide among 
some of the variances that were pooled there was no evidence in tests 
of variance homogeneity {9) that any of these difi‘erences were suffi- 
ciently large to preclude pooling. It may be further noted that even 
when tested I\y the individual corresponding variances of smallest 
inagiiitiide in section B, only two of the nine regional variances (sec- 
tion A) were indicated to be statistically significant. 

Three practical conclusions from table 2 and the foregoing variance 
analysis are suggested: 

(1) Oak trees of the same species and approximate size from the 
same wood lot or locality commonly will have marked differences in 
decay resistance. 

(2) Wood of the same oak species from one locality often averages 
consistently higher or loAver in decay resistance than that from another 
locality in the same region. 

(3) Oak wood from one region as a whole is not likely to he appre- 
ciably more resistant than wood of the same species from another 
region; occasional impressions to the contrary are probably gained 
from wood taken from comparatively limited areas, such as localities, 
and thus not adequately representing whole regions. 

Regarding the question whether these tree and locality differences 
are of genetic origin, no reliable evidence could be found of a relation 
between the decay resistance of individual trees in a locality and 
differences in their immediate environment or in their most recent 
growth cliaraeteristics as measured by ring counts in the outer heart- 
wood and the sapwood, respectively, and by the width of the sapwood. 
However, a slight relation between ring count and widtli of sapwood 
and locality differences in average decay resistance was indicated. 
Among localities the resistance tended to be less as the growth rings 
in the outer heartwood and in the sapwood were narrower and as the 
sapwood was narrower. By far the best evidence of this was shown 
by Poria monMcola. decay in the white oak, but the correlation coeffi- 
cients characterizing the relation among localities of weight loss to 
ring widtli in the outer heartwood and the sapwood and to sapwood 
thiclmess in this species were only —0.47, —0,56, and —0.58, respec- 
tively, (based on 18, 17, and 17 localities, respectively). .4t most, 
therefore, only about one-third of the variance among localities in the 
resistance of the white oak to decay by P. monticola might be explained 
by differences in any of these growth characters, and much less of the 
variance in white oak resistance to the other two fungi or of the 
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variance in resistance among localities of the other oak species could 
he attributed to differences in these characters. 

To check further on the possibility of environment as a factor of 
locality differences in decay resistance, computations were made of 
the correlation between locality averages of weight loss for pairs 
of species that came from the same localities. The assumption was 
that if environment 'were an appreciable factor this would be indi- 
cated by a tendency for the decay resistance of the different species 
to vary in similar order from locality to locality. An over-all tend- 
ency of this sort is denoted by the correlation coefficients shown in 
table 3. But here, also, the generally low values of the coefficients 
(which were indi\ddually significant statistically in only one instance) 
indicate that environmental difterences among the localities might 
explain only a comparatively small part of the differences. From 
this and the preceding evidence, therefore, it is concluded that at 
least a large share of the observed differences in resistance within 
species is probably attributable to strain differences. 


Table 3, — Correlation hetween locality averages of weight loss m dijj'erent oak 
species from the same localities ^ 


Species compared 

Localities 

Correlation 

coefficient 

Cr) 

Northern red oak and— 

White oak 

Number 

9 

0.41 

Black oak - 

7 

.77* 

White oak and— 

Swamp chestnut oak 

3 

.96 

Black oak . .. - - 

7 

.24 

Scarlet oak 

4 

.50 

Scarlet oak and— 

Chestnut oak - 

3 

.62 

N orthern red oak - 

4 

-.24 

Black oak and— 

Chestnut oak ; 

3 

.SO 

Scarlet oak. 

€) 

.02 




♦Statistically siffiiifleant at the 5-pereeiit level. 

J Averages based on weight loss caused by Poria monticola, LenzUes trabea, and Stereum fnistuhsmn. 
(See table 1.) 

RELATION OF DECAY RESISTANCE TO SIZE OF TREE 

Decay resistance in relation to size of tree was determined only for 
white oak on the assumption that any tendencies exhibited would 
probably apply, in somedegree at least, to the otherspecies. Data were 
obtained on increment-core testsamples from32 trees in a single locality. 
It is apparent from the plotted results (fig. 4) that there was a rather 
marked tendency for the decay resistance of the outer heartwood to 
increase with size of tree. This was true with respect to all three of 
the test fungi and, as indicated bj- the correlation coefficients, with 
nearly equal prominence. 

It should be noted that the trees on which this diameter-relatioii 
study was made were in an approximately even-aged, closed stand in 
which some of the trees were suppi'essed, so that large differences in 
diameter occurred when age was fairly constant. But if oak follows 
the same general pattern as has been found for black locust,^^ much 
the same relation between outer heartwood resistance and d. b. h. 

See footnote 10, p. 136. 




DIAWETER At BREAST HEIGHT (INCHES) 

Figure 4. — Relation between the diameter of white oak {Quercus alba) trees in 
a single stand and the weight loss caused by decay in wood from the outer 
heartwood. (Each point represents the average weight loss caused by Poria 
rnonticolaf Poly par us versicolor, and Stereuni frustulosiim in the six cores from 
each tree. The correlation coefficients for d* b. h. and weight loss caused by 
these fungi individiially were — 0.72, —0.75, and —0.73, respectively.) 

might be expected in. open-grown trees of different ages as well as 
sizes. 

VARIABILITY IN DECAY RESISTANCE WITHIN INDIVIDUAL TREES 

As stated, ratings of the decay resistance of the respective trees 
were based on increment cores taken from the lower trunk in the 
outer 2 inches of heartwood. Such restricted sampling obviously 
could lead to erroneous conclusions if this part of the trees did not 
represent reasonably w;ell the entire merchantable part of the trunk. 
Partly as a check on this point, a number of trees were tested by block 
samples taken consecutively through the trunk. It also was desired 
to ^d out whether there might be large enough differences in decay 
resistance among various parts of the trunk to warrant consideration 
when using wmod from large trees. The results of this phase of the 
testing, with the three fimgi used first, are summarized in figure 5. 
The trees sampled for this part of the study, like those sampled for 
species and tree differences, were in the 15- to IS-inch diameter class; 
moreover, the individual trees of each species came from different, 
widely separated localities. 
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The outer heartwood of all four species represented was more resist- 
ant to decay by the three. fungi used in determining species and tree 
diiferences than was the inner heartwood in both the lower and the 
top portion, of the trunks. Moreover, the change in resistance from 
the outer to the inner heartwood, although tending to be irregular in 
individual trees, was on the average progressive. With respect to 
the major volume of wood in the trunk/^ these over-all trends did not 
differ greatly with the different species. The inner, lower-trunk 
portion of the northern red oaks, which failed to show the same trend, 
represented considerably less than half the heartwood volume of the 
trees. Conseciuently, much the same relative order of decay resistance 
of the species dealt with (fig. 2) presumably would have been indicated 
had the heartwood been sampled more completely. 

In the larger logs, as indicated by the lower-trunk curves of figure 
5, the differences in decay resistance between the inner and the outer 
heartwood clearly were as great as the differences between some of 
the oak species. Markedly superior durability is not to be expected 



DISTANCE OF TEST BLOCK FROM SAPWOOD (INCHES) 

Figure 5. — Weight loss in blocks from different parts of individual oak trees, 
(Based on averages for the indicated number of trees and decay caused by 
Poria monticola, Lenziies trahea, SbTid Stereum frustulosum.) 


The outer half of the heartwood radius represents approximately tliree-fourths 
of the total heartwood volume. 
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in the central lic^artwood of large logs, even of tlie more decay-resistant 
white oaks. Similar radial decreases in decay resistance from the 
outer to the inner heartwood have been reported for a number of 
species other than oak (i, 7, 8)}^ ^ ... . ■ 

It should be kept in mind that this variability in decay resistance 
within individual trees also may be more representative for some fungi 
than for others. Only slight or no radial trends were found in the 
average weight loss caused by the three white rot fungi, Polyporus 
versicolor^ Madison 517, and Madison 4411-1 (fig. 6). In wliite oak 



DISTANCE OF TEST BLOCK FROM SAPWOOD (INCHES) 

Figure 6 . — x4verage weight losses caused by three white rot fungi, Polyponis 
versicolor^ Madison 517, and Madison 4411-1, in oak blocks from the basal 
portion of the same trees and the same radial positions as represented in figure 5. 

the trend was the reverse of that shown in figm*e 5, reflecting mainly 
the influence of Madison 517 and Madison 4411-1. The average 
radial trend of resistance to Polyporus versicolor, the most destructive of 
the three fungi, was from higher resistance in the outer heartwood to 
lower resistance in the central heartwood in all the species except 
northern red oak, in which no trend was apparent. No consistent 
radial trends were apparent in the upper trunks in tests made with 
these fungi. 

In considering the differences between figures 5 and 6, it should be 
recalled (pp. 133 and 134) that the wood was 3 years older when tested 
with the fungi represented in figure 6 than when tested with those 
represented in figm^e 5. It is possible, therefore, that changes in 
the fungus-inhibiting properties of the wood, which wmuld make the 
radial trends in the two cases not strictly comparable, might have 
occurred during this interval. The only evidence on this point is 
had in the results obtained with Poria monticola, which was included 
in bothneries of tests. That the radial differences in resistance to at 
least this fungus had not changed markedly is indicated by the corre- 
lation coefficient (0.88) characterizing the relation between the F. 
menfeoZa results in the two cases. 

Figures 5 and 6 were also the basis of the supplementary estimate 
of species differences in resistance to white rot fungi (p. 133). 

Bather marked differences in decay resistance vertically in the 
trunk also are revealed in figure 5, Taken at equal distances from 
the sapwood, the heartwood of the upper trunks was more resistant 


See footnote 10, p.dSS. 
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to decay than that of the lower trunks. Inasmuch as this difference 
occurred in the trees of all four species, it might reasonably be ex- 
pected rather generally among the oaks. Unlike the radial treiids, 
however, it has not been found in the other woods studied. The most 
durable heartwood of black locust, western red cedar, European larch, 
and redwood has been found in the basal portion of the trees 8)N 

Differences between the upper and the lower trunks in resistance 
to the three typical w^hite rot fungi are indicated by the following 
average percentage weight losses for the top and bottom logs, re- 
spectively: Chestnut oak, 9.7 and 12.3; white oak, 12.3 and 14.2; 
swamp chestnut oak, 22.0 and 19.3; northern red oak, 12.4 and 20.5. 
Only for the swamp chestnut oak w^as the difference contrary to the 
results shown in figure 5. 

The sapwood of all domestic species has generally been considered 
to have comparatively little resistance to decay. The present findings 
for oak are quite in line with this belief; however, some sapwood 
differences paralleled the differences in heartwood. In the tests 
represented by figure 7 the sapwood from the upper part of the trunk 
was indicated to be slightly more resistant than that from the lower 
trunks in three of the species; also, the sapwood of the white oaks 
was more resistant than that of the red oak. Among the species of 
the white oak group, the resistance of the sapwood followed the same 
order as that of the heartwood except in the case of chestnut oak. 
It is interesting to observe here that the white oak {Quercus alba) 



NUMBER OF TREES IN TEST 


CHESTNUT WHITE SWAMP NORTHERN 

CHESTNUT RED 

Figure 7.— Weight losses caused by decay in blocks from the outer heartwood 
and in adjacent sapwood blocks. (Losses are averages for the indicated num- 
ber of trees and for decay caused by Poria monticola^ Lenzites traheUf and 
Stereuin frustulosum.) 

4^ See footnote 10, p. 136. 
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sap wood bad about tlie same resistance as tlie red oak heartwood. 
However, little practical significance can be attaclied^ to tlie sapwood 
differences iiia,-smiicli as tlie level of resistance exhibited in all cases 
was. comparative^ low. 

DECAY RESISTANCE AND THE SPECIFIC GRAVITY OF OAK WOOD 

The. relation of decay resistance to the specific gravity of the wood 
was not a specific subject of this study. Nevertheless, certain con- 
clusions regarding it may be drawn from data already presented. 
First, it was foiiiid that the resistance of the outer heartwood of white 
oak trees tended to decrease as the width of growth rings narrowed. 
Such a relation among trees of the same general diameter has already 
been noted (p. 144), mth a coiTelation coefficient of —0.47 for weight 
loss and width of rings in the heartwood. For trees of different 
sizes, represented in figure 4, the relation between percentage w'eiglit 
loss (caused by Poly poms versicolor) and ring wddtli w^as characterized 
by a coefficient of —0.50. This evidence suggests that inasmuch as 
the specific gravity of hardwoods, especially the ring-porous species, 
also tends within limits to decrease as the ring width becomes narrower, 
the wood of lower specific gravity wmuld decay somewhat more rapidly. 
Hownwer, the radial trends of decay resistance (figs, 5 and 6) give 
evidence contrary to this. Toward the center of the trees the specific 
gravity was progressively higher as a result of the more rapid growth 
when the trees w^ere young, whereas the decay resistance^ was pro- 
gressively lownu* or for much of the wood more or less uniform. ^ It 
thus seems likely that the specific gravity of oak wood has little 
effect on its decay resistance, being largely overshadowed by other 
factors such as the location of the w^ood in the tree and the size of the 
tree. 

SUMMARY AND GENERAL CONCLUSIONS 

Laboratory decay tests were made on heartw^ood from 222 trees 
representing 4 commercial species in the white oak group and 153 trees 
representing 3 commercial species in the red oak group. The trees 
were located in 9 important oak-growing regions and in well-separated 
localities in each region. 

Wood of the white oak group on the average w^as siihstantially more 
resistant to decay than that of the red oak group. This is in agree- 
iiient Ayith the general experience that species of the red oak group are 
not suited to uses involving considerable decay hazard. 

Species of the white oak group were not uniformly resistant to decay, 
liowever, and some commercial distinction among them as to durabil- 
ity may be wuiTanted. The most resistant of these species w^as chest- 
nut oak ; next in order of decreasing resistance w^ere Oregon white oak, 
white oak (Qmrcus alba), and svramp chestnut oak. 

There wus no evklence of practical differences in resistance among 
the three species of the red oak group, namely, black oak, northern 
red: oak,, .and scarlet oak. 

Individual trees of the same species, of approximately the same size, 
and in the same locality differed markedly from one another in re- 
sistance. This was true of all four species examined, but especially 
so of white and sw" amp chestnut oaks. Practically and mathematically 
significant differences in average resistance also occurred among local- 
ities ill the same region. Although considerable differences wwe also 
found among regions as a whole, they were generally no greater than 
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among localities within regions. The results thus indicate that it 
may be possible to obtain especially resistant oak wood by going 
to selected localities, but they do not support the belief that the oak 
wood of some entire regions is much superior in decay resistance to 
wood of the same species in other regions. Furthermore it is apparent 
that the use of white oak provides assurance of superior decay re- 
sistance in general but that some individual trees of this species and 
most of the trees in certain localities may have only moderate 
resistance. 

This variability in resistance among trees appeared to be attribut- 
able more to genetic differences than to differences in the environment 
of the trees. The possibility presents itself, therefore, of selecting 
and propagating oak trees with wood having not onh^ a longer but also 
a more miiform service-life expectancy. 

The outer heartwood of white oak (Quercus alia) trees in the ap- 
proximately even-aged stand studied for this relation was higher in 
decay resistance as the d. b. h. of the trees was larger. 

In three species of the white oak group and in northern red oak the 
resistance to decay by two brown rot fungi and a white pocket rot 
fungus was progressively lower from the outermost heartwood to the 
pith. This trend occuiTed in both the basal and the upper portion 
of the trunks. Radial differences in resistance to decay by three 
other fungi, all white rotters, were generally smaller, and in white oak 
an opposite trend was indicated by two of Ihe fungi. The differences 
with respect to the first three test fungi were large enough to account 
for very considerable differences in the service life of wood from 
different parts of large logs. In fact, some of the central heartwood 
of the white oak trees was no more resistant than that of northern 
red oak wood. This finding might be considered further justification 
for the common discrimination against boxed hearts (log centers) for 
such purposes as boat timbers. 

In the same four species the heartwood in the upper trunks was, 
with one exception, more resistant to all the fungi than that in the 
lower trunks. In the swamp chestnut oak this difference was ex- 
hibited in resistance to the two browm rot fungi and the white pocket 
rot fungus, but not in resistance to the three typical wdiite rotters. 
Heartwood of the top log might be expected, therefore, to remain 
serviceable as long as wood from other parts of an oak tree and prob- 
ably substantiality longer than central heartwood from the larger, 
basal log.. 

There was some association between the decay resistance of the 
sap wood and that of the heartwood. The sap wood of all species in 
which it was tested decayed comparatively rapidly, however, con- 
firming the general experience that sapwood by and large is not 
durable. 

From indirect comparisons, the specific gravity of the wood ap- 
peared to be no more than a minor factor in its decay I'esistance. 
Similarly, the rate of growth appears to have little possibility as a 
criterion, of resist. ance. 

The variability in decay resistance with locality, tree size, and 
position of the wood in the tree, as well as the un correlated differences 
among trees, indicates that comparisons of species for decay resist- 
ance may be unreliable unless many trees from numerous localities 
covering the range of the respective species are sampled and unless 
the trees are of approximately the same size (or of the sizes most 
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utilized) and tlie samples are taken from about the same place in each 
tree. It was indicated in the present study that if differences in the 
resistance of the outer lieartwood also are suitably representative ^ of 
differences in the resistance of the interior lieartwood ^ as with the 
oaksd increment-borer cores from the outer 2 inches of heartwood 
provide satisfactory test specimens; their use makes it practicable to 
include many trees in the sample with minimum expense. 

Cores must be taken at a uniform height; if all cores could be taken 
8 or 10 feet from the gi'oiindj they would represent the tree as a whole 
somewhat better than if taken m feet from the ground as was done 
in the present study. The procedure of taking two cores from opposite 
sides of each tree for each test fungus worked well. If five or six 
fungi were employed, a single core from each tree for each fungus 
would be good sampling, although it would fail to provide a base for 
testing the significance of differences among individual trees. The 
use of several fungi is advisable, and for aify broadleaved tree species 
at least one white rot fungus such as Poly%yofus versicolor should be 
included among the test fungi. Of the brown rot fungi Poria rnonticola 
is excellent for general use. 
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CHEMICAL REMOVAL^OF^ENCRUSTANTS FROM 
DEW-RETTED HEMP FIBER ^ 

By Lyle E. Hessler 2 

Fiber technologist, Division of Cotton and Other Fiber Crops and Diseases, Bureau 
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Adniinistration, United States Department of Agriculture 

INTRODUCTION 

The bast fibers of dew-retted hemp (Cannabis safim L.) are at a 
disadvantage for textile use because of the presence of encrusting 
materials. These encriistantSj which make up roughly 30 percent of 
the retted hemp fiber, consist largely of lignin, pentosans, peetic sub- 
stances, protein, and ash (5).^ They serve as a binding material 
which holds the fiber bundles together and add strength, but they 
are rather loosely held and in time and with handling of the fiber they 
partially slough off. As a result of the great variation in these encrust- 
ing substances, physical testing of bast fibers is very difficult. There- 
fore it is believed that a more uniform basis which would permit a 
better comparison of fibers should be found. IVlost chemical degum- 
ming treatments are partly effective for removing the encrustants, 
but some of them cause rather great degradation of the primary con- 
stituent of the fiber, cellulose. Reagents which degrade the cellulose 
chain would, of course, be of little value for this kind of treatment. 

Alcohols have been used in pulping wood, which is essentially getting 
down to the cellulose. Aronovsky and Gortner (1 ) found that alcohols 
with at least four carbon atoms of which at least three are in a straight 
chain are best suited for pulping. Organic alcohols if effective in 
removal of encrustants because of their solvent action should also 
cause the least cellulose degradation and are worthy of a thorough 
trial as degumming agents. 

In order to ascerfain w^hat chemical treatments would remove 
encrustants from dew-retted hemp fiber and their effects on the fiber, 
the tests reported herein were made. 

MATERIAL AND METHODS 

Dew-retted hemp fiber considered to be of about average length 
was used in the tests. It was air-dried and cut in about 2-inch lengths 
before treatment with a degumming reagent. Each sample was 
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Bureau of Plant Industry, Soils, and Agricultural Engineering and the Kentucky 
Agricultural Experiment Station. 
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refluxed for an experimental period in a large test tube with a cold 
finger for co„iide.iism.g Yapors. After refl.iixi.iig; was complete,^ tlie 
degiimniing reagent was washed off‘, usually with water only ; if the 
reagent was practically insoluble in water, however, a pix^liminaiy 
washiiig was gwen with ethanol to facilitate the removal. The fibers 
were then pressed between paper towels and d,ried. 

Part of most samples were subsecpientiy treated by boiling* 1 hour 
in 1 -percent sodium hydroxide and then % hour in 4-percent boric 
acid. The boric acid was used to free the fiber of sodium hydroxide, 
which interfered with the nitration and determhiation of the degree 
of polymerization. Since the latter concerns the cellulose chain, most 
of the determinations were made on samples from which the encrust- 
ants had been removed. 

The nitration method used was essentially that of Berl (,^) except 
that the nitration was carried out at 10^ C. rather than at room tern- 
perature. Cellulose nitrate was dissolved in butyl acetate to make a 
0.25-percent solution. This was accomplished by revolving between 
two parallel bars a small glass jar containing the mixture and steel 
bearings. After solution the cellulose nitrate was filtered through a 
coarse-fritted glass crucible. The viscometer used was that of Cannon 
and Fenske {S), the viscosity being determined at 25° ±0.02° with the 
time of flow 100 seconds or more. 

Calculations from degree of polymerization were based on the fol- 
lowing formula of Coppick ijj): 


W=-^(l+0.5c) 

where 

[??]= intrinsic viscosity 

In = natural log 

r}7 ‘ = relative viscosity 

concentration in grams per 100 ml. 


The degree of polymerization was calculated from Kraemer’s formula 

(«: 

Degree of polymerization =/i’[97] 

where 

K=:270, 


Degree of polymerization, which is affected by various factors, indi- 
cates how well fibers withstand treatment to remove encrustants. A 
low value is evideiice of cellulose degradation and therefore of decrease 
in fiber strength. 

Nitrogen in the cellulose nitrate w^as determined by the Lunge 
mtro.meter. . 

The percentage nitrogen in the fiber after nitration, which shows the 
degree of nitration, is dependent on how well the degumming and 
alkali treatments remove the encrustant from the primary constituent, 
ce]hilose. 

Breaking strength of the fiber was measured on the Scott tester, 
model D. H. After loose ends were removed, the sample was cut in 
25-cm. lengths and conditiohed at 65 ±1 percent relative humidity. 
Spool-type clamps, measuring 7.5 cm. from center to center, were 
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used. Ten breaking tests were made on each sample, and the average 
breaking strengtli was reported in kilograms per gram of fiber. 

RESULTS 

The role played by encrustants in the physical strength of raw 
commercial bast fibers was determined by testing duplicate samples of 
dew-retted hemp fiber with the encrustants intact and with the 
encrustants removed by boiling 1 hour in 1 -percent sodium hydroxide 
and then % hour in 4-percent boric acid. The fiber with encrustants 



7,130 7,360 7,590 7,820 8,050 8,280 

DEGREE OF POLYMERIZATION (GLUCOSE ANHYDRIDE UNITS) 


Figche 1. — Relation between degree of polymerization and breaking strength of 
deiv-retted hemp -fibers with and without encrustants. 


removed had a much lower breaking strength than that wfith the 
encrustants present (fig. 1), Cellulose in the samples with encrustants 
averaged 70.3 percent and in those without encrustants 95.7 percent. 
Breaking strength and degree of polymerization -were very closely 
correlated in the samples without encrustants (r~0.94). 

The data presented in figure 1 help to answer several questions 
about the retting process. The over-all variability in strengtli of 
fibers wfith encrustants removed, as measured by degree of polymeriza- 
tion, was relatively slight, a range of approximately 10 percent. The 
strength of such fibers, like that of most commercial fibers, is essen- 
tially that of the primary constituent, cellulose, and depends on length 
of cellulose chain. Such strength, measured by degree of polymeriza- 
tion, is average strength, w^hich is not affected by >weak spots to the 
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same degree as streiigtli measured by mechanical breaking. The 
data for fibers with encrustants present substantiate the. already known 
fact that dew retting is irregular and indicate that much of the non- 
uniformity in quality and strength of such fiber is due to irregularity 
in encrustant removal. 

The results of treating dew-retted hemp fibers vfith various degum- 
niing reagents for different periods (table 1) indicate that they vary 
in effectiveness and that care in selecting is essential. 

Table 1. — Effect’ of chemical removal of encrustants from dew-retted hemp fiber on 
degree, of polymerization and extent of nitration 


[Alkali boil = boiling 1 hour in 1-perceiit sodium hydroxide and then H hour in 4-percent boric acid] 


Sam- 

ple 

.No. 

Degummiiig reagent 

Degree of polymer- 
ization in glucose 
anhydride imits 

Nitrogen 

Description ^ 

Time of 
boiling 

After de- 
gumming 
treatment 

After de- 
gummiiig 
treatment 
pdus 
alkali 
boil 

After de- 
gummiiig 
treatment 

After de 
gumming 
treatmeni* 
plus 
alkali 
boil 



Hours 

Number 

Number 

Percent 

Percent 

1 

None --- -- 


2 6, 722 

3 7, 790 

12. 30 

12. 92 

2 

Sodium chlorite (1 percent in 3-percent acetic 






acid at 70° C.) _ _ 


7,767 


13. 10 



Sodium carbonate: ^ 





3 

1 percent 

1 

8,117 


12.78 


4 

3 percent. 

1 

8] 110 


12. 67 


5 

5 percent- 

1 

8,119 


12. 73 


6 

10* percent 

1 

8,326 


12. 62 



Sodiutn sulfite: ^ 





7 

1 percent. 

1 

6, 813 


12. 53 


8 

3 percent 

1 

6, 548 


12.70 



Sodium borate; * 






9 


1 

6, 504 


12. 15 


10 

3 percent , 

1 

7,033 


12.59 


11 

Sodium hydro.xide (2 percent in 95-percent 








1 

7, 452 


12. 95 



Monoethanolamine ; 






12 

3 percent in 95- percent ethanol 

1 

7, 026 

7. 168 

12. 60 

13. 05 

13 : 

2.5 percent in glycerol 

1 

7, 222 

7,280 

13, 05 

13. 10 

14 I 

5 percent in glimerol 

1 

6, 831 

6, 033 

13. 04 

13.04 

15 ^ 

do 1 

2 

0, 491 

6, 258 

12. 92 

13. 09 

16 i 

Xylene 

1 

7, 383 

7, 335 

12. 50 

13. 15 

17 i 

Methanol-..,, 

1 

6, 718 

7, 721 

12. 56 

13. 01 

18 

Ethanol (95 percent) 

1 

6, 722 

1 7, 659 

12. 40 

13. 17 

19 ^ 

Butanol... 

1 

7,473 

7, 944 

12. 56 

13. 22 

20 ^ 

Isobutanol 

1 

7, 729 

7, 590 

12. 53 

13. 07 

21 

A.myl alcohol i 

1 

7,061 

7, 526 

12. 10 

12. 80 

22 

Methanol and butanol (equal parts) 

1 

7, 606 

S, 096 

12.38 

12. 96 

23 

Ethanol and butanol (equal parts) 1 

1 

7, 510 

; 8, 21,1 

12. 44 

13. 12 

24 

Butanol and glycerol (equal parts) 

1 

7, 326 

8, 211 

12. 10 

13. 30 

25 

Ethanol, butanol, and glycerol (equal parts) 

1 

6, 941 

7, 832 

12. 22 

13.24 

26,' 

Ethylene glycol 

1 

6, 918 

6, 941 

12. 75 

12. 85 

27 

do - 

4 

7, 107 

7, 015 

12.98 

12. 98 

28 : 

Ethylene glycol followed by bleach __ 

4 

6, 481 

6,194 

13. 07 

li 17 

29' 

Ethylene glycol 

S 

7, 107 

6,364 

12. 85 

12.80 

30, 

Ethylene glycol followed by bleach s 

8 

6, 100 

6, 318 

13.29 

13.23 

31 

Uiycerol--- 

1 

7, 107 

7,121 

12,48 

12. 70 

32 

-..-.do 

4 

5, 994 

6, 539 

12.80 

12. 85 

33 

Glycerol followed by bleach s 

4 

6,472 

5,842 

13. 12 

13. 24 

, . 34: 

Glycerol 

8 

6,334 

6, 550 

12. 83 

13. 06 

35 

Glycerol followed by bleach 5 

8 

5,948 

5, 771 

13. 04 

13.04 


i Reagent 100 i:>ercent unless indicated otherwise, 
s Value for original fiber. , 

3 Value after alkali boil only., 

4 Treatment with reagent followed by M-hour boiling in boric acid. 

^ Bleach = hour in sodium chlorite in 3-pereent acetic acid at 70° C. 
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The first 11 samples show the effects of using iiiorganic alkalies and 
salts to remove’ the encrusting materials. Sodium hydroxide was the 
most ^ effective of the inorganic compounds, excluding the sodium/ 
chlorite bleach, in the removal of encrustants as measured by the 
percentage of nitrogen. Sample 1 before the alkali boil had a lower 
degree of polymerization because of two factors: (1) greater nitration 
of pentosans, which would have a tendency to lower the degree of 
polymerization, and (2) increase of polymerization with increased 
nitration. Also some degumming reagents may more selectively 
remove the lower fraction and thus favor a higher degree of polymeriza- 
tion in the treated fiber. Bleaching with sodium chlorite (sample 2) 
increased nitration and gave a high degree of polymerization, which 
indicated little break-down of the celMose chain. Samples 3 to 6, 
treated with diflferent concentrations of sodium carbonate, showed 
less removal of encrustants and a higher degree of polymerization, 
indicating that there was some degradation of the sample treated with 
sodium hydroxide (sample 1 ). The concentration of sodium carbonate 
had little effect on encrustants or the cellulose chain, no doubt because 
of the high buffer action of this reagent. Treatment with sodium 
sulfite resulted in increased removal of encrustants as measured by 
nitration and also greater degradation of cellulose as the concentration 
of the reagent increased. Furthermore, the sulfite-treated samples 
showed more cellulose break-dovm than those treated with sodium 
hydroxide or sodium carbonate. Sodium borate acted similarly to 
sodium sulfite, although it was not so effective in the removal of 
encrustants. The higher degree of polymerization at the 3-percent 
level was perhaps due to increased nitration. Sodium hydroxide in 
ethanol resulted in good removal of encrustants and little degradation 
of cellulose. 

The action of monoethanolamine as a delignifier of wood tissue (7) 
has been known for some time, and the same chemical has been used 
in the determination of cellulose (5). Samples 12 through 15 show 
the effects of using monoethanolamine in ethanol or glycerol. The 
amine in glycerol has definite advantages over that in ethanol. Mono- 
ethaiiolamine in glycerol was used above its boiling point, and it was 
therefore more effective. The 2.5-percent concentration did just as 
well as the 5-percent one in removing the encrustants, and 2 hours 
had no advantage over 1 hour. ]!vlonoethanolamine caused some 
degradation of cellulose, although not so much as sodium sulfite and 
sodium borate. Judged by the percentage of nitrogen, the additional 
removal of encrustants with sodium hydroxide did not cause addi- 
tional nitration; however, there was greater cellulose degradation in 
samples 14 and 15 after alkali boil. This greater break-down of 
cellulose in the higher concentration of ‘monoethanolamine and after 
the longer boiling time is evidence of better opening up of the fiber 
bundle for the action of sodium hydroxide. 

Samples 16 through 25 show the effects of treatment with xylene or 
certain alcohols singly and in combination on dew-retted hemp fiber. 
While xylene is not an alcohol, it acted very much like the alcohols 
in that it opened up the fibers for more effective action of other 
reagents such as sodium hydroxide. The degi'ee of polymerization 
was generally high^ when the alcohol was followed by sodium hydrox 
ide. A possible explanation is that there was less extraneous material 
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connected with the fiber and therefore less low-viscosity material. 
The higher nitrogen values are evidence of purer cellulose, or better 
removal of eiicrustants, A lower nitrogen value for the alcohols used 
in combination than for those used, singly indicates lower removal of 
encriistants, or a suppressing action by the coiiibi.natioin The com- 
binations of alcohol gave very high degrees of polymerization when 
followed by the sodiimi hydroxide boil. A possible explanation may 
be the better removal of the shorter chained molecules such as pento- 
san. Tliere has been evidence that some of the pentosan fractions 
are held much more tenaciously than others by cellulose. The higher 
alcohols may expose this hard-to-remove fraction to easier removal 
by other reagents. Cellulose in fiber boiled in four of the alcohols 
siiigty — ethanol, butanol, ethylene glycol, and glycerol — averaged 
91.5 percent, while in these saine samples after boiling for 1 hour in 
l-percent sodium hydroxide it averagecl 97.4 percent. 

Ethylene glycol and glycerol Avere the two highest boiling alcohols 
used for encrustant removal. The effects of these two alcohols alone 
with boiling times of 1 to 8 hours or followed by the sodium hydroxide 
boil, bleach, or a combination of the two are shown by samples 26 
through 35. Ethylene glycol Avas the most effective of the alcohols 
in the removal of enerustants during a 1-hour boiling period; liOAveA''er, 
the loAver degree of polymerization indicates greater degradation of 
cellulose. Glycerol also resulted in cellulose destruction as measured 
by degree of pohmierization. The degradation of the cellulose chain 
by treatment Avitli glycerol seems to be due to the greater heat rather 
than to the eliemical action, since high temperatures are knoAvii to 
degrade cellulose. Ethylene glycol alone caused no greater degrada- 
tion in 8 hours than in 1 hour. These tAvo high-boilmg alcohols may 
have some dehydrating action Avliich makes the fibers more subject 
to oxidation and in general to greater break-doAvii Avhen the alcohol 
treatment is folloAved by the sodium hydroxide boil, a bleach, or a 
combination of the tAAm. 

SUMMARY AND CONCLUSIONS 

In order to ascertain the effect of degumming dew etted hemp 
fibers on cellulose degradation, more than 30 treatments Avere tested 
Avith and Avithoiit subsequent boiling with sodium hydroxide. 

The tests showed that the formation of cellulose nitrate and tlie 
subsequent determination of degree of polymerization and percentage 
of nitrogen may be used as an index to encrustant removal and result- 
ing fiber degradation and quality. Sodium hydroxide and sodium 
carbonate are good chemicals to use in removing enerustants. The 
foriner is more effective, but it causes some degradation of the cellulose 
cliain. Increasing the concentration of sodium carbonate over the 
l-percent level did not give better removal of enerustants or cause 
greater break-down of cellulose. A 2.5-percent concentration of 
monoethanolamine in glycerol gave excellent removal of enerustants, 
althoxigh it caused some ceEulose degradation. The lower boiling 
alcohols such as methanol, ethanol, butanol, isobutanol, and amyl alcohol 
are not very effective in removing enerustants; however, they do 
open up the fiber and afiow other mfid reagents to act more effectively. 
Of the two high-boiling alcohols (ethylene glycol and glycerol), 
ethylene glycol Avas better in removal of enerustants and caused 
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sliglitly -less degradation of cellulose. Tlie liiglier boiling aleoliols 
liave a tendency to make tlie fiber more subject to oxidation in bleach- 
ing, Increasing the boiling time over 1 hour did not- greatly, increase 
the removal of encrustants, but, especially in case of glycerol, it did 
cause a lowering of the degree of polymerization. 

These tests indicate that degiimming of bast fibers can be under- 
taken with a minimum of cellulose degradation and, that eiicriista,nt 
removal to a common cellulose base will result in more imiforni physical 
testing. - • 
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THE EFFECT OP AIR TEMPERATURE ON VIRUS CON- 
CENTRATION AND LEAF MORPHOLOGY OF MOSAIC- 
INFECTED HORSERADISH ‘ 

By Glenn S. Pound 2 

Assuto,nt prajessor of plant pathology, Wiscomin Agricultural Experiment Stalion 

INTRODUCTION 

Mosaic of ho.rseradish (Arinoracia rustieana Gaertn., M,ey and 
Scherb.) is incited by one or more strains of turnip virus In a 

recent paper ^ it was shown that in plants naturally infected witli 
niosaic, symptoms tended to become masked completely at 28° C., 
the 3 ^ wer'e progressively more pronounced at 24° and 20°, and were 
severe and persistent at 16°. This \cas contrary to the behavior of 
other strains of the same virus which incited 'mosaic on cabbag-e. 
S^nnptoms caused by these were most severe at 28°, were progressively 
less pronounced at 24° and 20°, and tended to become masked at 
16°.^ In cabbage the concentration of strains of turnip virus 1 
was correlated with the severity of s^unptoms, the greatest concen- 
tration occurring with the most severe symptoms^ It became of 
interest, therefore, to determine the effect of air temperature on the 
concentration of the horseradish virus in horseradish. In the course 
of the experiments it was observed that temperature had a marked 
effect on leaf morphology, an effect apparently independent of that 
on virus concentration. 

MATERIALS AND METHODS 

Horseradish roots were obtained from the planting stock of a com- 
mercial grower of East St. Louis, 111. They were planted out in 
February 1947, in greenhouse compost in 12-mch clay pots, seven 
plants per pot. After 3 weeks’ growth at 22° C. they were placed at 
constant air temperatures of 16°, 20°, 24°, and 28° for 30 days, when 

^ Received for publication June 22, 1948. 

2 Appreciation is expressed to Eugene Herrling for making the photographs 
used in this maniiseript, to Dr. J. H. Torrie for statistical counsel, and to Robert 
Raabe for making some of the local lesion counts. 
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Phytopathology 25: 640-644, illus. 1935. 
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1948.. 

® Pound, G. S., and Walker, J. C. differentiation of certain crucifeb 
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® Pound, G. S., and Walker, J. C, effect of aib temperature on the 
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an assay was made for virus concentration in plants at 16° and 28°. 
During tlie summer of 1947 the plants were transplanted to the field. 
In October they were lifted and roots from each of the four groups 
were replanted to pots and placed at each of the four greenhouse 
temperatures mentioned above. 

In preparing inoculum for an assay of virus concentration, a com- 
posite sample of 500 milligrams of tissue was selected from the young- 
est leaves of each pot of a given treatment. Only marginal leaf tissue 
from closely comparable leaves was used, care being exercised to 
avoid midrib tissue. The tissue was macerated in 10 cubic centimeters 
of distilled water until it was macroscopically homogeneous. The 
assay consisted of half-leaf inoculations to tobacco {Nicotiana tabacum 
L. var. Connecticut Havana No. 38) on which the virus produces only 
necrotic local lesions. Tobacco plants were evenly sprinkled with 
carborundum before the inoculum was applied with a glass spatula. 

Wlien only one comparison was to be made, two to five tobacco 
plants with three leaves each were used.^ When all possible compari- 
sons of the four temperatures wnre desired, seven tobacco plants of 
three leaves each were used in an incomplete block design.'^ ® The 
folio v4ng arrangement was used in which hoilzontal rows represent 
tobacco plants and vertical columns represent leaf positions on these 
plants. 

A B C D E F G 

B D F E G A C 

C F E A B G D 

Since the four temperatures allovred only six different comparisons, 
one treatment was duplicated each time. It can be seen that each 
treatment occurred once at each leaf position and once on the same 
plant with each of the other treatments. Occasional uniformity 

Table l.-—Restilts of S unifonnity trials to test the half -leaf carhonindiim method 
used in assaying virus concentration 


Average number of local lesions in 3 

Hypothetical half-leaf comparisons replicates in trial indicated 



Trial 1 i 

Trial 2 > 

Trial 3 1 

JLeft 

mRight-- 

TojLeft- - 

nEighfc--.-.-.-- 

j-i/'Le.ft. . — 

mRight-.- 

59. 3 
84.7 

i 39. 3 

42.0 

39.0 i 

45. 3 

83. 0 

199. 7 
t 141.3 

178.7 

149.0 

153. 0 

84.3 

75. 0 
64.7 

62.3 

63.0 

64. 0 

TAfLeft-.-. 

41.0 ! 

1913 

125. 7 

PlRight . 

54. 7 

214 7 

139. 0 

TsfLeft-.- - 

39.7 

16lf 0 

109 . 3 

^lEight.,— - ■ .. 

38. 7 

179!? 

loao 

WLeft- : ■ 

47.0 

139 ' 3 

93. 0 

^'tEight.... 

59. 7 

15l! 0 

83. 7 


49. 0 

97*. 0 

54. 3 

^bight .. 

52. 3 

, 37 ] 7 

67. 0 






1 No significant difference between treatments occurred in any of the trials. 


^ YoUDEN, W. J. use of incomplete block EEPLICATIONS IN estimating 
TOBACCO-MOSAIC VIRUS. Boyce Thompson Inst. Con trib. 9: 41-48, illus. 1937. 

® Youden, W. J.,aiid Beale, H. P. a statistical study of the local lesion 
METHOD FOR ESTIMATING TOBACCO MOSAIC VIRUS. Boyce Thompson Inst. 
Contrib, 6; 437-454, .illus. 1934. ■. „ • • 



Ai)ril 1, 1949 


Mosaic of Horseradish 


163 


trials in wliicli the same experimental design was used were run to 
assure the reliability of the half-leaf carborundum method. In these 
tests the same inoculum was applied to both halves of all leaves. 
Kesults of three such trials are given in tabk 1. It can be seen that 
in each of the three trials the half-leaf method was very reliable. 

EXPERIMENTAL RESULTS 

l^FFECT OF TEMPERATURE ON SYMPTOMS AND LEAF MORPHOLOGY" 

When horseradish roots were forced in the greenhouse, symptoms 
appeared first at 28° and last at 16°. Initial symptoms consisted of 
a blotchy chlorotic mottle which sometimes was preceded by chlorotic 
vein clearing. Gradually, the symptoms at 28° and 24° became less 
intense and ultimately were conipletely masked. Leaves became dark 
green and showed no mottling and only rare necrotic streaking. At 
the same time symptoms at 20° and 16° became more intense, the 
blotchy mottle being replaced by a severe diffuse, yellow mottle and 
conspicuous necrotic ringing and streaking. When tops were removed 
and temperatures i^evemed, a corresponding complete reversal in 
SY^-mptom intensity ultimately occurred. Wlien plants were taken 
from 28° and 16° and grown at the same temperature, they gradually 
became indistinguishable. 

Field observations have shown a fernlike leaf to be very prevalent 
in horseradish. In the present studies this pinnatifid leaf type was 
found to be very prevalent at 16° C. but practically nonexistent at 
28° (fig. 1). A perfect gradient existed from 28° to 16°, going from 
broadly laminate to pinnatifid leaves, respectively. When tops 
were removed and temperatures reversed, leaf type for the first 
few days was characteristic of the temperature at which the plants 
had grown before the temperature reversal (fig. 2). This was no 
doubt due to the fact that the leaf primordia for these early leaves 
were already initiated at the time of the temperature reversal. Sixty 
days after the temperature change, however, a complete reversal in 
leaf type had occurred, pinnatifid leaves being formed at 16° and 
laminate leaves at 28°. Wlien plants from each temperature showing 
the characteristic leaf type were planted together in the field, they 
gradually became indistinguishable. Wlien each group was returned 
to the different temperatures in the greenhouses, the same response 
to temperature occurred. 

To ascertain if this fernlike leaf was correlated "with virus concentra- 
tion the following tests were made. Plants were gi’own at 28° and 16° C. 
until the respective leaf types were well established. The gimips 
were divided into two parts each, the tops were remoY^ed, and tem- 
peratures were reversed on one-half of each group. Two weeks later 
both leaf types at both temperatures were present. Assays of virus 
concentrations were made between the two-leaf types at both 28° 
and 16°. No significant difference was found in the Yurus concen- 
tration between the two-leaf types at either temperature. However, 
fernlike leaves at 16° had a higher virus titer than laminate leaves 
at 28° but fernlike leaY^es at 28° had a lower Ymus titer than laminate 
leaves at 16°. Thus it appears that the temperature effect on leaf 
morphology is indep of that on virus concentratioii detailed 

in the following section. 
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Figuke l.r— Types of leaves produced on mosaic-infected horseradish at 28' 
. {A) and 16° C. (B). 


EFFECT OP TEMPERATURE ON VIRUS CONCBNTRATION[IN HORSERADISH 

Thirty days after the plants were placed at the different temperature 
levels in the spring of 1947, those at 16"^ and 28° C. were assayed for 
virus concentration. The following results were obtained. 

Amrage number of local 
lesions in half-leaf com^ 
parisons in 16 replications 


16° 37. 9 

Difference required for significance (19.T)__-_ 15. 7 




Fiobre 2.— Eepresentative types of mosaic-infected horseradish from plants 

grown at left to right 28°, 24°, 20°, 16°, respectively: A, from plants grown for 
60 days at their respective temperatures; B, from plants grown for only 2 weeks 
shown and prior to that for 60 days at, left to right, 16°, 

, respectively, ■' 


It cm seen that in this single assay the virus concentration ap- 
peared to be much higher in plants grown at 16° than in those grown 
at ■'28°. , 

In October 1947, the plants were returned from the field a,nd roots 
from each group were placed at the four different temperatures. 
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Table 2, —Comparative concentration of horseradish mosaic virus in horseradish 
plants after growing for 60 days at 16°, 20°, 24 °, 28° C., December 1947' 


Half-leaf temperature comparisons (° C.) 

Average number of local lesions in 3 
replicates from inoculum of group 

Total of 4 
groups 

F value 
for half- 
leaf coin- 
par iso iLs ! 

1 

2 

3 

4 

28-- - 

2 7 

2. 3 

1.0 

0.7 

6. 7 



24-, - — _ 

5.7 

9.3 

12.7 

4.3 

32.0 

n. ^ 

28-- 

5.0 

3.7 

2.7 

2.3 

13. 7 

} 


20 - - - ^ - i 

43. 3 

16.0 

13. 3 

24.7 

97. 3 

1 

28— - 

4.0 

1.3 

1.7 

1.0 

8. 0 

} 

80. 2*^ 

16 - - - _ - . : — ' 

251. 7 

179.0 

3.0 

207.7 

112. 7 

775.1 

24 

4.3 

10.7 

4.3 

22.3 

} 

1 

8.7^ 

20-..-. 

62.3 

14.7 

9.7 

21.3 

108. 0 

24 

9,3 

5.7 

11.7 

5.0 

31.7 

72. 6** 

16 

205.0 

200.7 

212.7 

128. 3 

746.7 ' 

/ 

20... 

78. 3 

12.3 ! 

11.3 

5.7 

107.6 

} 

28. 7*^ 

16 

148.3 

165.0 1 

231. 3 

132.7 

677.3 






1 Groups 1, 2, 3, 4 cwrespond, respectively, to lots grown at 16°, 20°, 24°, and 23° C. during the spring of 
1947 and in the field during the summer of 1947. 

- ^values are sipiificant at the 5-percent level. **values are significant at the 1-percent level. 


After 60 days, assays were made from all groups at all temperatures, 
each group being considered separately and being tested on seven 
tobacco plants according to the design given on p. 162. The results 
are presented in table 2. A study of the data reveals that a gradient of 
virus concentration existed between the temperatures, with extremely 
low concentrations at 28^ and high concentrations at 16^. The great- 
est break occurred between 20 ^ and 16^^. The four trials wei'e very 
consistent in their trend with no reversal to be accounted for. The 
group grown at 28*^ in the spring of 1947 (group 4) gave fewer lesions 
than the others but it is doubted if that was a carry-over effect of the 
high temperature. In another experiment the virus titer in young 
leaves at 16*^ was found to be greater than that in old leaves at 28°. 

Immediately after the above assays were made, all top gi^owth was 
removed from the plants and the pots from 16°, 20°, 24°, and 28° 
houses were transferred to houses of 28°, 24°, 20° and 16°, respectively. 
Assays were made from the plants at 28° and 16° of groups 1, 2, 3, and 
4 on the fifteenth, eighteenth, twenty-seventh, and twenty-ninth days, 
respectively, after reversal of temperatures. The results are given in 
table 3. It can he seen that even after only 15 days at the new tern- 
peratiires the virus concentration of 16° was sigiiificantty higher than 
that at 28°, In all four groups this was the case. 


Table Z. -^Comparative concentrations of horesradish mosaic virus in horseradish 
plants grown for 60 days at 16° and 2S° C., and then for 2 to 4 weeks at 28° and 16°, 
respectively 


Temperature after reversal (°C.) 

Average number of local lesions in 6 replicates 
from inoculum from group 

1 

,2 . 

" 3'' ■ , 


16.— 

— 

L. S. D, (19:1),..—.., . 

73.0 

34.8 

16.5 

89.0 
19.2 

30. 1 

■ '.113.5 
5.5 
32. 6 

109.3 
32. 1 
28.9 



1 Assay from group 1 made 15 days after temperature reversal. Assay from group 2 made 18 days after 
temperature reversal. Assa 5 ’' from group 3 made 27 days after temperature reversal. Assay from group 4 
made 29 days after temperature reversal. 
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Sixty days after th,e temperature reversal a further assay of v,irus 
concentration was made from plants growing at the 16° and 28° 
temperatures. In this assay, inoculum was prepared from the very 
youngest leaves of each group and also from the oldest leaves. The 
oldest leaves would have been formed soon after the temperature 
reversal. Because of a shortage of suitable assay plants groups 1 and 
2 were combined and groups 3 and 4 were combined. The results, 
which are given in table 4, show that the virus was still in significantly 
higher concentration at 16° than at 28° but that the concentration in 
young leaves grown at 16° was considerably lower than in previous 
tests. In one case, the concentration in young leaves at 16° was 
significantly greater than that at 28° only at the 5-percent level of 
probabilit}^ No explanation can be given for this drop in concen- 
tration other than that the plants by that time were not in a very 
active state of growth. It is also notable that the virus concentra- 
tions from the combination of groups 3 and 4 were higher than from 
groups 1 and 2, but some of this difference could be accounted for in 
the difference between assay plants used. 

Table 4. — Comparative concentrations of horseradish mosaic virus in horseradish 
plants gromifi for 60 days at 16 ° and 28 ° C. and then for 60 days at 28 ° and 16 °, 
respectively 


Average number of locariesions in, 6 replicates 
for group and inociiluin indicated 


Temperature after reversal 
(" 0.) 

Groups 1 and 2 
combined ‘ 

Groups 3 and 4 
combined i 

Inoculum 

from 

youngest 

leaves 

Inoculum 

I from 
oldest 
leaves 

Inoculum 

from 

youngest 

leaves 

Inoculuin 

from 

oldest 

leaves 

if) J 

14.7 

93. 1 

26. 1 

356. 0 

28 - 

6.3 

5. 1 

7.8 i 

101. 9 

L. S. D. (19:1) — 

4.8 

43.6 

16. 2 I 

57.8 


^ For explanation of groupings see footnote of table 3. 


It was thought that perhaps the lower concentration at 28° than at 
16° might be due to the presence of an inhibitor in expressed sap 
from plants grown at 28°. To check this point an experiment was 
run in which inoculum from each temperature was tested in a series 
of dilutions with the idea that if an mhibitor were present one might 
neutralize its activity by dilutions low^ enougli to leave the virus 
active. The results are given in table 5. It can be seen that this 
test gave no indication of the presence of an inhibitor. 

As a further test for the presence of an mhibitor inoculum from 
plants grown at 28° was divided into two equal portions. One por- 
tion was treated with 10 percent Nuchar W adsorbent ; the other was 
untreated. ^ TO the two inocula were compared in half-leaf inocu- 
lations, there was no significant difference in the number of local 
lesions produced. Thus, if an inhibitor was present it was not indi- 
cated by. this test. 
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Table 5. — Results of diluiion. of inoculum taken f rom plants grown at S8° and 16° C. 


I Dilutions compared in each case in half-leaf inoculations with undiluted control] 



Average number of local lesions in 9 replicates 

Extent of dihition 

Inoculum from 2S° 

Inoculum from 16° 


Control 

Diluted 

Control 

Diluted 

1-10 

18.3 

2.9 

165. 3 

88.8 

1-100 .. 

17.9 

0 

195. 0 

3. 9 

1-1,000- - 

17.7 

0 

18S. 7 

2. 1 


EFFECT OF TEMPERATURE ON THE CONCENTRATION OF THE HORSERADISH 

VIRUS IN RAPE 

Horseradish viruses produce severe symptoms on plants of Dwarf 
Essex rape {Brassica napus L.).® To ascertain whether the virus in 
question showed a differential temperature response in rape the fol- 
lowing experiment was performed. Forty plants of rape in the first 
true-leaf stage were inoculated with a composite inoculum from all 
horseradish plants under study. After 5 days’ incubation at 22°, they 
were divnded equally between the 16° and 28° houses. After 35 days, 
assays were made, comparing inocula from 16° and 28° plants both 
from youngest leaves (tenth leaf above cotyledons at 16°; twelfth leaf 
above cotyledons. at 28°) and from old leaves (fifth leaf above cotyledons 
at both temperatures). The results, which are given in table 6, show 
that in young leaves the virus was in higher concentration at 28° than 
at 16° but in old leaves the reverse was true. In additional inoculations 
not shown in [table 6 it was found|tliat at bo th| temperatures the 
concentration was greater in old leaves than in young leaves although 
significant only at the 5-percent level for the 28° plants. A much 
greater difference occurred between the young and old leaves at 16°. 


Table 6. — Comparaiwe concentrations of horseradish virus in rape plants grown 
at 16° and ^8° for days prior to assay 


'' 

Temperature (°C.) 

Average number of local lesions 
in 12 replicates from inoculum 
from— 

Y oung leaves 

Old leaves 

16-.--. . 

41.8 

75.5 

12.2 

234.3 
112. 2 
35. 0 

28-... 

L. S. D. .(19:1) . - 



EFFORTS TO INACTIVATE THE VIRUS IN HORSERADISH ROOTS AND PLANTS BY 
TEMPERATURE TREATMENTS 

Since the thermal inactivation point of the horseradish virus was 
found to be slightly under 60° C. for 10 minutes, efforts were made to 
inactivate it in live roots by hot-water treatments and in growing 
plants by exposure to excessively high-air temperatures. Both 
experimen ts were unsuccessful, as shown hy the data in table 7. 


See footnote 4, p. 161, 
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Top growth was burned badly by the liigh-air temperatures but 
terminal growing noints were not killed and subsequent growth 
developed conspicuous symptoms. The first growth produced after 
the treated roots were planted also showed conspicuous symptoms. 


Table 7. — Results of hot water treatmenis of horseradish planting roots and hot air 
treatments of groiving horseradish plants 


Time and temperature (°C.) of treatment 

Number of 
roots or 
plants 
treated 

Number of 
survivors 

Number of 
survivors 
showing 
symptoms 

Virus 
recovery 
test from 
survivors 

Hot water: i 

Untreated ■ 

20 

20 

20 

Positive. 

10 minutes at 65° 

■ 4 

0 


10 minutes at 60°. 

10 

0 



. 10 minutevS at 55°-.. 

10 

0 



20 minutes at 50° - 

1 8 

4 

4 

Do. 

30 minutes at 50° 1 

10 

0 


30 minutes at 45° ... . _ .. ! 

8 

8 

: 8 

j Do. 

120 minutes at 45° 

10 

3 

3 

Do. 

45 minutes at 40°. ! 

4 

4 

4 

! Do. 

240 minutes at 40° 

10 

2 

2 

t Do. 

Hot air: 

4S hours at 50* , . 



i 

7 1 

Do. 

72 hours at 50°. 

7 

7 


Do. 

96 hours at 50° ! 



7 ' 

Do. 

120 hours at 50° 


7 

7 

Do. 







I Roots of three-fourths inch diameter were used for this test. In all other tests roots of one-half inch 
diameter were used. 

DISCUSSION 


The data presented herein are interpreted as indicating different 
levels of virus concentration in horseradish plants growing at different 
temperatures. However, the possibility cannot be overlooked that 
a vhus inhibitor may be present in horseradish and may occur more 
at one temperature than at another. Although two tests failed to 
indicate any inhibitor the possibility has not been fully explored. 

The development of more conspicuous and more severe symptoms 
of horseradish mosaic in the field in late fall is explainable by results 
reported in this paper. At high air temperatures symptoms are 
masked and the concentration of the virus is relatively low. At low 
temperatures symptoms are persistent and virus concentration^ is 
relatively high. The author has never observed horseradish growing 
in areas where average air temperatures would reach or siirpass 28° 
C. (e. g., the East St. Louis area), but in Wisconsin and western 
Washington it has been observed that symptoms are most marked 
late in the fall. It would not be surprising if infected horseradish 
growing in southern areas would appear perfectly healthy in mid- 
summer but quite diseased in late fall. This would be the case, 
however, only if other strains of horseradish mosaic virus showed the 
same temperature response as the one studied in this report. 

The correlation of symptom severity with vii*us concentration in 
horseradish is similar to that reported for certain cabbage strains of 
turnip virus except that symptoms on cabbage were more pro- 
nounced and viruses were in higher concentrations at high temper- 
atures than at low temperatures. The concentration of the cabbage 

See footnote 6, p. 161. 

.829194—49—2' 



170 


Journal of Agrieultiiml Research 


Vol. 78, No. 7 


strains was not determined in any other host nor was that of the 
horseradish virus determined in cabbage. The different temperature 
responses shown by the horseradish strain and the cabbage strains 
indicate that all strains of turnip virus 1 are not favored by high air 
temperatures on all hosts as suggested by Pound and Walker.^^ 

The fact that the horseradish virus occurred in higher concentration 
at 28° than at 16° in young leaves of rape but that the reverse occurred 
in old leaves further indicates that the effect of temperature depends 
upon the specific host-virus complex and may be due to the influence 
of the environal factor on the host, the virus, or both. It also indi- 
cates that in studies of physical properties where virus concentration 
is a limiting factor, one should give prime consideration to age of 
tissue involved as wmll as temperatme at which the plants were grown. 

No explanation is offered for the factors involved in the tempera- 
ture effect on leaf morphology. Data presented herein seem to indi- 
cate that the reaction is independent of virus activity. This is further 
borne out by the fact that a horseradish clone from which no virus 
has been isolated and which has not become infected upon inoculation 
also develops the fernlike leaves. It is possible that temperature 
affects the physiology of the plant relative to some growth regulating 
substance. 

SUMMARY 

A virus causing horseradish mosaic was found to occur in much 
higher concentration in horseradish gi^own in greenhouses at 16° C. 
than at 28°. This was also true for old leaves of rape plants infected 
with the horseradish virus, but for young leaves of rape the concen- 
tration was higher at 28°. 

When horseradish plants growing at different temperatures and 
showing a gradient of virus concentration were reversed in position, 
the plants being moved from 16° to 28°, etc., a corresponding reversal 
in virus concentration occurred. 

A marked temperature effect on leaf morphology of horseradish 
was also recorded. At high temperatures, the prevailing leaf type was 
broadly laminate. At low temperatures leaves were exceedingly 
pinnatifid, often being reduced to extreme fernleaf structures. At 
intermediate temperatures intermediate types occurred. A reversal 
of temperatures resulted in a corresponding reversal in leaf type. The 
temperature effect on leaf type is thought to be independent of that 
on virus concentration. 

Efforts to free horseradish roots and plants from the virus by heat 
treatments m hot water and hot air, respectively, were unsuccessful. 

See footnote 5, p. 161. 



BREEDING LOW-NICOTINE TOBACCO^ 

By W. D. Valle AU 

Plant pathologist, Kentucky Agricultural Experiment Station 

INTRODUCTION 

III 1933 tile Kentucky Agricultural Experiment Station received 
from J. B. Hutson, of the United States Department of xigriculturej 
then stationed in Germany, seven lots of Havana and Cuba cigar 
tobacco varieties low to very low in nicotine content. These seeds 
had been obtained from Dr. Erwin Baurj director of the Kaiser 
Wilhelm Institute. So far as the wTiter was aware, there were at that 
time no varieties of cigarette or pipe tobacco of low nicotine content. 
It was decided, therefore, to develop a variety or varieties of cigarette 
tobacco of low nicotine content to meet a possible demand for such a 
tobacco as a health measure. It was further decided that this variety 
should carry the recessive color factors of hurley because hurley is a 
light-colored tobacco when cured and light color is commonly associ- 
ated in the mind of the public with mildness. 

MATERIALS AND METHODS 

Three strains of Cuba, designated 30/33, 31/33, and 32/33, each 
listed as very low in nicotine, were used as the source of the low- 
nicotine character. In 1934, analyses of these varieties showed that 
they contained 0.19, 0.05, and 0.11 percent nicotine, and in 1935, 
0.18, 0.22, and 0.21 percent, respectively. These varieties w^ere 
crossed with Ky 5, Ky 7, Ky 14, and Ky 16 — all black-root-rot- 
resistant varieties of hurley tobacco. In 1934 these varieties analyzed 
2.18, 2.10, 1.37, and 2.18 percent nicotine, respectively. 

All nicotine determinations were made on leaves from the middle of 
field-grown plants as these leaves are usually the highest in nicotine 
in tobacco harvested and cured like hurley. During the past several 
years the tobacco has been grown on more fertile soil than in the early 
years, and the nicotine content of Ky 16, used as a control, has been 
higher. From 1934 to 1942 the nicotine determinations were made 
by members of the Department of Chemistry of the experiment 
station, who used the method of the Association of Official Agricul- 
tural Chemists (1, p. 64).^ In 1943 and 1944 Markwood^s (10) green 
disk method was used and determinations were made by E. M. 
Johnson. Since then the determinations have been made under the 

1 Received for publication May 17, 1948. 

2 Italic numbers in parentheses refer to Literature Cited, p. 180. 
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direction of R. B. Griffith who has used a rapid modification of the 
A. O. A. C. method (6), In 1947 determinations were made by the 
method of Bowen and Barthel (S), 

EXPERIMENTAL RESULTS 

CROSSES 

The Fi generation of the dark cigar tobacco by the light-colored 
biirley was all dark, as would be expected. A single determination of 
nicotine in an Fj 30/33 X Ky 7 showed that it had 3.18 percent when 
Ky 16 had 1.73 percent and the low-nicotine parent had 0.22 percent. 
This suggests that the high-nicotine factor is completely dominant 
over low nicotine. The difference in nicotine content between the 
Fi hybrid and Ky 16 is not significant. 

The F2 generation segregated wfith respect to plant color, producing 
approximately 15 dark plants to 1 light-colored plant. There was 
also segregation with respect to nicotine content, with a range from 
plants with no nicotine to 2.82 percent in a total of 345 burley-colored 
plants tested (table 1). 


Table 1.- -Nicotine content of burley-colored F 2 plants from low-nicotine cigar 
tobaccos crossed with hurley, 1935 


Njcotino 

(percent) 

31/;33XKy 5 

30/33 XKy 7 

31/33XKy 14 

30/33XXy IB 

32/33XKy 14 

Total 

0 

2 

3 

4 

2 

14 

25 

.1 

14 

11 

20 

10 

11 

66 

.5., 

9 

20 

23 

26 

21 

99 

1.0 

22 

' 17 ^ 

22 

18 

12 

91 

1.5 

11 

15 ; 

4 

6 

3 

39 

2.0' 

10 

8 i 

5 

2 

0 

25 

Total plants 

68 

74 

78 

64 

61 

345 


There appears to be no sharp segregation into low-nicotine and 
high-nicotine content plants as claimed by Hackbarth and Sengbusch 
(5), who concluded that the nicotine content of tobacco is dependent 
upon a single factor pair. However, these results do not disprove 
their contention, for with as variable a factor ashicotine, considerable 
variation might occur within any one class so that the three classes, 
homozygous low, heterozygous, and homozygous high, might run 
together. There are also the complicating factors of nicotine and 
nomicotine. It will be showm later that in some segregates much of 
the nicotine seems to change to nomicotine, some of which is deter- 
mined as nicotine by the A, 0. A. C. method. 

In 1936 the F3 generation of some of the very low nicotine plants 
from the previous year were grown. Of these a few were selected 
for plant type and nicotine determinations made. The results are 
given in table 2. 

it is evident that burley-colored plants low in nicotine in the F2 
generation do not always produce plants of equally low nicotine 
content in the F3 generati^ but the F^ plants from selected low- 
nicotine F2 plants are sometimes all relatively low in nicotine and on 
an average are much lower than hurley. 



April 1,1949 Breeding Low-Nicotine T ohcicco 173 


Table 2 . — Nicotine content of F2 plants and of Fz hurleylike plants of low nicotine X 

high nicotine hybrids 


Fs generation of cross— 

Nicotine 
content of 
F 2 plants 

F 3 plants 

Range in 
nicotine eon- 
tent of Fg 
plants 

Average 
nicotine 
content of 
plants 

30/33XKv7 . 

Percent 

0.07 

Number 

4 

Percent 

0. 24- . 30 
.02 

Percent 

0 27 

31/33XKyl4 

.01 

1 

02 

Do 

.00 

5 

1. 00-1. 56 

1. 23 

Do..,.. ..i 

.07 

5 

.32- .98 

. 70 

32/33XKyl4 

,03 

5 j 

.46-1.77 

1.34 

Do 

.06 


.07-1.56 

, 66 

30/33XKy7 

.01 

7 

.03-1.11 

,60 

1.45 

Do 

0 

6 

1. 15-1.78 

32/33XKyl4 

.02 


. ICi- , 98 

. 48 

Do.... 

.02 

.02 

9 

. 52-3. t>0 

1.78 

Do 

14 

. 13-2. 45 

1.26 
.. 38 

Do ! 

.02 

5 

,28- .46 




In 1937 determinations of nicotine in seven F4 plants of a strain 
from a 0.02-percent F3 plant showed all to contain 0.05 percent or 
less; progeny of a 0.07-percent plant contained less than 0.3 percent; 
progeny of a 0.02-pereent plant contained 0.45 percent or less; while 
in some groups of plants from very low nicotine parents the nicotine 
content ranged from 0.20 to 2.45 percent. The results seemed to 
show, however, that extremely low nicotine content strains of large- 
leafed tobacco having the color of hurley could be isolated. 

BACKCROSSES 

In 1936 it became evident that it would not be possible to select 
desirable types of tobacco without further backcrossing. Therefore, 
several backcrosses were made in which Ky 16 was used as the pollen 
parent and progeny of several very low nicotine plants were used 
as the seed parents. There was no assurance, however, that the 
seed parents w^ere all low in nicotine. The next year a good type 
plant of the F2 backcross, later shown to contain 1.08 percent nicotine, 
was crossed with several F3 32/33 XKy 14, the parent of which tested 
0.02 percent nicotine, and with F4 31/33XKy 14, of which seven 
were tested for nicotine and the highest was found to contain 0.05 
percent. Another F2 segregate containing 3.25 percent nicotine was 
also used (table 3). 


Table 3.- — Result of crossing F2 segregates of low-nicotine burleylike plants X Ky 16, 

with low-nicotine plants 



NiMtine content of parents 

Plants 

Nicotine content 


(percent) 

tested 

: Range. 

Average 

0.03.x 1.08, 1 

Number 

1 

' Percent ■ 
0.05 

Pette-M 

0.01 X 1.08 

19 

.01-'. 60 

0.27 

0.01 X 1.08.. - 

19 

.01- .58 

.06 

0.06 X 1,08-----..----- 

13 

,02-1.04 

.36 

0.13X1.08-.-.-- ' 

13 

.01-1.21 

121 

0.07 X 3.25 — - - '1 

17 

,05-2.09 

. 1.49 

Proffenv of 1.08 nercent nlant used in above crosses 

■ 15 i 

.29- .89 

.49 

0.45^percent — 
0.33"pereent *— 

— selection of 1.08-percent plant-,-- i 

6 ; 

.71-1.05 

.88 

selection of l.iB-percent plant-,. 

. 3 ,1 

.45-, 94 

, . 74 
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The results of these backcrosses indicate that a plant testing as high 
as 1-.08 percent, when crossed with established loW“nicotine strains, 
produces progeny low in nicotine; but where a high-nicotine plant 
possibly carrying a factor or factors for low nicotine was used as one 
parent the F2 progeny ranged from 0.05 percent to 2.09 percent, with 
an average of 1.49 percent nicotine. 

In 1939, F3 progeny of plants crossed with the 1.08-percent nicotine 
plant (table 3) were giwvn from F2 plants testing 0.06 percent nicotine 
or less. Of 52 F3 plants tested, the nicotine content ranged from 0.01 
percent to 2.41, with an average of 0.34 percent. Progenies of several 
plants were all below 0.1 percent, indicating that very low nicotine 
strains could be selected following backcrossing with a high-nicotine 
parent. 

In 1940, eight F4 progeny of a 0.02-percent F3 plant averaged 0.025 
percent nicotine. A selection with 0.9 percent nicotine from the 
0.07- X 3.25-percent nicotine cross (table 3, line 6) gave progeny (seven 
tested) ranging from 1.06 to 1.59 percent nicotine, with an averge of 
1.29 percent, a figure definitely below the nicotine content of hurley 
tobacco grown under the same conditions. 

In 1940, the F2 generation of a second backcross with Ky 16 on a 
0.02-percent plant was grown. Nicotine content ranged from 1.11- 
4.50 in 26 plants tested. While the majority were high, 4 contained 
less than 1.75 percent nicotine. Four F3 plants of the plant testing 
1.11 ranged from 0.71 to 1.20 percent nicotine. 

In 1942, plants from 10 low-nicotine selections from the F5 genera- 
tion of crosses listed in table 3 and F3 second backcrosses of low- 
nicotine plants of these with Ky 16 w^ere grown. In all, 80 plants 
were tested for nicotine content. Nicotine ranged from 0.01 percent 
to 0.90 percent, when Ky 16 grown under the same conditions con- 
tained 3,8 percent. The average nicotine content of the 80 plants 
was 0.246 percent, showing that low-nicotine strains could be isolated 
after 2 or 3 crosses with buiiey. 

NICOTINE CONTENT OF CROPS OF LOW-NICOTINE TOBACCO 

Four small commercial crops of lovr-nicotine burleylike tobacco 
were studied “for nicotine content in 1945. They were grown on 
fertile soil and all made rapid, vigorous growth. Nicotine determina- 
tions were made of individual seed plants and the nicotine content of 
a composite sample of a middle leaf from each of 25 topped and suck- 
ered plants was determined. A few upper leaves had been stripped 
from the seed plants, and the plants had been suckered. Samples 
were collected at the time the remainder of the crop was cut, taking 
4 leaves from near the center of the plant from each seed plant and 
1 similarly placed leaf from each of 25 topped and suckered plants. 
Nicotine determinations were made by the quick method of Griffith 
and Jeffrey (d) after the tobacco was air-cured. Distillations were 
made from MgO and from NaOH-NaCl. 

Three of the stra appear to have been low-nicotine strains 
(table 4), while one (S 2) apparently contained an occasional plant 
of higher nicotine content that increased the average nicotine content 
qf this strain above that of the others. 
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Table 4. — Alkaloid determinations of 4 crops of low-nicotine tobacco,' 1945 


Strain 

Sped 

plants 

Range in nico- 
tine content' 
determined 
with MgO 

Average 

■ 

Range in nico- 
tine content 
determined 
with NaOH- 
NaCl 

Average 


Number 

Percent 

Percent 

Percent 

Percent 

S !_.,_ 

25 

1 0.002-0.435 

1 0. 109 

0.CKI2-0.S62 

\ ' 0,231 

S 2 -- .... . 1 

24 

.001-1.375 

1 .498 

.017-1.414 

1 . 070 

S 3 

25 

.031- .352 

! .130 

.05.5- .932 

, 402 

S 4.. 

S 1 

24 

1 Composite 
of 2 5 

. 051- . 334 
] . 035 

1 .675 ! 

.140 

.059- .S74 i 
. 27‘", 

■ . 394 

S 2 


, . . 875 ' 
. 4S9 


S 3 

[ topped 

J plants. 

1 .173 i 



S 4.. 

i 

J .125 ! 


. 127 ; 

- 


A half-acre crop of another strain was grown in 1946 for Dr. H. B. 
Haag, of the University of Virginia, for his pharmacological studies 
with low-nicotine tobacco. Dr. Haag reported that after redrying, a 
thieved sample from a hogshead gave, on analysis, 0.08 percent nico- 
tine, 0.06 percent nornicotine, and 0.14 percent total alkaloids. A 
previous half-acre crop of low-nicotine tobacco raised for Dr. Haag 
for studies on the role of nicotine in the cigarette habit contained 
0.23 percent nicotine (4). 

There seems to be no doubt from these results that commercial 
crops of low-nicotine tobacco very low in nicotine content can be 
grown under ordinary field conditions. 

NICOTINE AND NORNICOTINE CONTENT OP LOW-NICOTINE TOBACCO 

111 1945 and 1946 a modification of the A. 0. A. C. method was 
used for nicotine determinations with the quick distillation apparatus 
of Grifiith and Jeftrey (6). Distillations were made with both MgO 
and NaOH-NaCl. There is a marked diflerence in alkaloid content 
as determined by these methods. So far as Griffith has been able to 
determine, MgO distillation gives a high value for nicotine since 35 to 
40 percent of the nornicotine present in pure or mixed solutions is 
obtained in the distillate. The NaOH-NaCl concentrations used gave 
the total steam volatile alkaloids as nicotine. The diflference between 
the MgO and the NaOH-NaCl results gives an approximation of alka- 
loids other than nicotine, usually assumed to be nornicotine The 
A. 0. A. C. method as used in the early studies (f, p. 64), according 
to unpublished work of Griffith, measines nicotine and from 10 to 
30 percent of nornicotine or other compounds and so is not accurate 
for low-nicotine varieties, some of which appear to contain consider- 
able nornicotine. The present A. O. A. G. (£, p. 74) method measures 
nicotine plus nornicotine and so is not as satisfactory for low-nicotine 
varieties as the older method. 

If the MgO values of all low -nicotine selections are arranged in 
order, from low to high, and divided by the respective NaOH-NaGl 
values to determine percentage of alkaloids that is largely nicotine , 
the figure rises from a very low one (less than 7 percent at the 0-0. 01 
level) to over 90 percent at the 3-percentdeveU (table 5). That is, 

^ This relationship was called to the wricer^s attention by Dr. E. N. Jeffrey* 
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when nicotine is very low the percentage of total alkaloids that is 
nicotine is correspondingly low, while as the MgO value rises it be- 
comes a greater and greater pi’oportion of the total alkaloids until in 
ordinary tobacco 85 to 95 percent of the total alkaloid is nicotine or 
at least is distilled over from MgO. 


Table 


MgO 

NaOH-NaCl 


mines {approximate percent of total alkaloids that 


nicotine) in low- and high-nicotine content tobaccos in 1945 and 1948 


is 


MgO value 

1945 

1946 

Number 
of plants 

MgO 

Number 
of plants 

MgO 

NaOH-NaCI 

NaOH-NaCl 

0. - .01 

13 

0.0660 

9 

0. 0085 

.01- ,05 

14 

.2189 

23 

. 0868 

. 05- . 10 

26 

.3074 

13 

. 1298 

.1-.5 

103 

.4641 

39 

. 2530 

.5-1.0 1 

44 

.5903 

14 

. 6328 

1.0 -1.5 

27 

.8552 

10 

.8676 

1.5 -2.0 

1 27, 

.8995 

2 

.8759 

2.0 -2.5 

! 8 

.8582 



2.5 -3.0 

^ 2 

.8665 



3. 0 -3. 5 

6 

.9392 

2 

.8778 

3. 5 -4. 0 

‘ 1 

.9411 



4. 0 -5. 5 

3 

.9399 




Table 5 also shows that the MgO/NaOH-NaCl value, or approxi- 
mate percent of total alkaloids that is nicotine, in low-nicotine 
tobaccos was decidedly higher in 1945 than in 1946. 

While in general the proportion of nicotine to total alkaloids in 
the tobaccos studied increases as the total alkaloid content increases 
(table 5), this does not mean that strains of tobacco cannot be selected 
that differ markedly in the relation of nicotine to total alkaloids at 
any given level of the latter. In the progeny of a cross of a 0.02- 
percent nicotine content burleylike plant X Turkish (Basma) back- 
crossed with a 0.02 percent burleylike plant, an F2 of the backcross 
was selected that tested 0.43 percent nicotine when plants of Ky 
16 at the same stage of growth tested 2 percent. The 'F3 progeny 
of this plant ranged in MgO value from 0.082 to 1.007 (average of 
24 plants, 0.412), and in NaOH-NaCl value from 0.193 to 1.131 
(average of 24 plants, 0.612). The F4 plants of selected Fg’s showed 
distinct segregation as far as the MgO value was concerned, while 
the NaOH-NaCI value for the group was remarkably uniform, 
ranging from 0.38 to 2.23 percent, with 53 of the 75 plants tested 
Detween 0.85 and 1.8 percent. The range and average of the 
MgO value, the average of the NaOH-NaCI value, and the ratio 
between the two values are given in table 6. 

In this table the MgO/NaOH-NaCl values have been arranged in 
descending order, indicating that strains have been isolated having 
auN^OH-^aCl or total alkaloid content of about 1.5 percent but an 
MgO value or approximate nicotine content ranging from 94 percent 
of the total alkaloid content to only 16.6 percent. 
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Table 6. — Alkaloid content of strams of tobacco resulting from a cross of low- 
nicotine fnirleyUke tobacco with Turkish tobacco^ and Ky 16^ as determined by 
distillation with MgO and NaOH-NaCl, 1946 crop 


Plants (number) 

MgO value 

NaOH-NaCl 

MgO/NaO.H-NaCI 

Kange 

Average 

average 

7 .... 

Percent 

0.58 -1. 17 

Percent 

0. 89 

Percent 

0.94 

Percent 

0,9408 


.91 -1.85 

1.44 

1.59 

. 9034 

3 

. 19 - .64 

.47 

.58 

. 8057 

8 

.401-1.58 

1.06 

i.;n 

i . 8014 

7 

. 50 -1. 10 

.77 

.98 

! . 7779 

4 • 

. 18 - . 93 

66 

.87 

..7557 
. 5705 

0... - 

! .37-1.50 

.94 

1 1. 64 


' . 32 - . 67 

.52 

1 1. 21 

.4329 
, 3945 

9 

, 11 - .90 

.51 

1 1.29 

7 

. 29 - . 71 

.49 i 

1. 29 

. 3837 

6 

. 13 - . 65 

.31 

.81 

. 3830 

3... 

. 14 - . 27 

.22 

; 1.32 

. 1661 

Ky 16- - 

3. 08 -3. 74 

3.30 

3.68 

I 'i 

.8951 



While these results are based on small numbers, they give proof 
that strains of tobacco closely similar to buiiey in general character- 
istics can be isolated that have a total alkaloid content of approxi- 
mately 1 to 1.5 percent when ordinary hurley has about 3.5 percent. 
The results suggest further that in this range strains can be isolated 
with a large proportion of the alkaloid in the form of nicotine, while 
other strains appear to have a large proportion of the alkaloid as nor- 
nicotine. Strains of cigarette tobacco that are not likely to produce 
over 1.5 to 2 percent nicotine under conditions that result in 3.5 percent 
or more nicotine in ordinary hurley may prove of great value to the 
trade. 

In 1947 strains derived either directly from the low nicotine X 
buiiey backcrosses or from crosses of low nicotine burleylike plants 
with Turkish tobacco were grown for nicotine determination. The 
plants from which samples were to be collected w^ere bagged for seed 
but were kept suckered. Leaf samples were collected from the 
middle of the plants, at normal cutting time, and air-cured. Nicotine 
and nornicotine determinations were made by the Bo’wen-Barthel 
method (3). Ten plants of Ky 16 and 15 plants each of 19 low nicotine 
strains were saved for analysis. 

The majority of the strains appeared to be fairly homozygous with 
respect to nicotine and nornicotine. In table 7 the strains are 
arranged in order of increasing nicotine content. Ten strams proved 
to be very low in nicotine, the highest averaging 0.05 percent. The 
other 9 strains ranged from a low average of 0.319 percent nicotine 
to 0.813. One of the low nicotine strains .(range 0 to 0.042) had a 
range of nornicotine from 0.100 to 1.61 with an average of 0.670. 
This furnishes the best evidence so far obtained in these studies 
that strains might be isolated with a relatively high total alkaloid 
content (about 1 percent) nearly all of which is nornicotine. There 
is abundant evidence that strains can be isolated with very low nico- 
tine as well as low total alkaloid content. 
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Table 7. — Nicotine and nornicotine content of 19 strains of low-nicohne tobacco 
and Ky 16^ grown in 1947^ as determined by the Bowen- Barthel method 


Noraicotine 

Nicotine 

Total Alkaloids 

Nicotine 

Range 

Average. 

Range 

Average 

Range 

Average 

Total 

alkaloids 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


0.005- .058 

0. 028 

0 - .006 

0.0004 

0.005- .064 

0. 028 

.01 

.242- .648 

.384 

0 -.015 

.003 

.242- .648 

.388 

.008 

.019- .257 

.138 

0 -.069 

.006 

. 083- . 257 

.144 

.04 

.026- .268 

.164 

0 - . 018 

.007 

.034- .268 

.162 

.04 

.001- .062 

.031 

0 -.027 

.010 

.001- .077 

.041 

.24 

.211- .655 

. 412 

0 - .039 

.010 

.230- .681 

.422 

.02 

.100-1.61 

. 670 

0 -.042 

.013 

. 116- . 64 

.683 

.02 

0 - . 299 

.049 

0 - . 065 

.014 

0 - . 305 

,063 

.22 

.195- . 582 

.379 

0 -.349 

.044 

. 207- . 544 

.422 

.10 

.046- .201 

.128 

0 - . 254 

.050 

.098- .300 

.179 

.28 

. 008- . 098 

. 052 

.256- .447 

.319 

.298- ..506 

.371 

.86 

.042- .373 

.144 

. 165- . 615 

. 391 1 

.337- .832 

..535 

.73 

.035- .373 

.154 

.137- .880 

,527 

.280-1.075 

.654 

.81 

. 025- .133 

,074 

' . 447- . 705 

.589 

.525- .830 

.6,56 

.89 

. 070- .253 

.126 

. Ill- . 855 

.617 

.364-1.005 

.810 

.76 

.006- .339 

.139 

. US- . 905 

.642 

. 181-L 174 

.777 

.83 

.043- .248 

1 . 106 

.381-. 946 

.663 

.556- .995 

.770 

.86 

.062- . 159 

1 .122 

.475-. 883 

.690 

.690-1.022 

.811 

.85 

.040- .317 

. 135 

.457-1.690 

.813 

. 581-1. 852 

.944 

. 86 

1. 106- . 472 

.290 

1.08 -1.75 

1.457 

1.38-1.96 

1.760 

.83 


1 Ky,16 


When the average nicotine content of each strain was divided by the 
average total alkaloid content the 19 strains were again divided 
sharply into 2 groups, one with 28 percent or less of the total alkaloids 
in the form of nicotine and the other with 73 percent or more of 
the total alkaloids as nicotine. All of the latter group contained over 
0.3 percent average nicotine while all of the former group contained 
an average of 0.05 percent or less. These low-nicotine strains could 
all be considered primarily nornicotine strains as most of the alkaloid 
appears to be nornicotine. Four of the strains in the low-nicotine 
group contained a higher average total alkaloid content than the lowest 
of the higher nicotine group. These results suggest that in breeding 
for low-nicotine varieties of tobacco, 2 sets of factors are concerned: 
(1) those that control total alkaloid production and (2) those that 
control the change of nicotine in the leaf to nornicotine or other 
products of nicotine. It is probably desirable to have varieties in 
which both sets of factors are operating, if the desired product is to be 
uniformly low in nicotine year after year. If complete dependence 
were placed on low total alkaloids these would undoubtedly vary 
from year to year and the nicotine content might be higher than 
desirable following, perhaps, a dry year. Moreover, if a factor is 
operating to change nicotine to some other product, the nicotine 
content of the tobacco 'v^ill have much more opportunity to remain 
constant from year to year. 


DISCUSSION 

The object in developing a low-nicotine cigarette tobacco was to 
meet a possible demand for tobacco so low in nicotine that it could be 
smoked, without harmful effects from nicotine, by people who are sen- 
sitive to this alkaloid. 




April 1, 1949 


Breeding Low-Nicotine Tobacco 


179 


As to the immediate effects of nicotine on the smoker, there are at 
least two : an increase in blood pressure resulting from absorption of 
nicotine into the blood stream (7) and irritation of the mucous mem- 
branes with which the smoke comes in contact {5), Haag and Larson 
(S) in preliminary tests showed that — 

smoke from the low nicotine cigarettes on an average produced effects comparable 
to those observed after the smoking of nicotine-free cigarettes, both types of cigar- 
ettes evoking circulatory responses, markedly less than those effected by ordinary 
cigarettes. 

Smoke from cigarettes made from low-nicotine tobacco was inhaled by 
persons with very sensitive throats with only the slightest feeling of 
irritation, smoke from a low-nicotine cigar with wrapper and binder 
of the usual type caused distinct but mild irritation, while smoke from 
an ordinary cigarette caused immediate coughing and left the throat 
very uncomfortable for several minutes. Cigarettes prepared from 
low-nicotine tobacco to which about 2 percent nicotine malate had been 
added {5) affected sensitive throats in exactly the same way as an ordi- 
nary cigarette. There seems to be little doubt that the immediate 
irritation of the throat by cigarette smoke is almost entirely caused by 
its nicotine content. 

While the principal object of the present study was to produce a 
bmiey-colored cigarette tobacco of low nicotine, content, yet the re- 
sults have contributed something to the knowledge of the inheritance 
of nicotine-controlling factors. It seems certain, as has been pointed 
out by others, that high nicotine is dominant over low nicotine in Fj 
crosses. In F 2 crosses the problem of classifying the individual plants 
is complicated by methods of nicotine determination. The A.O.A.C. 
{1 , 2) method is adapted to high-nicotine varieties in wliich most of the 
alkaloid is nicotine so that in the early studies not only nicotine but 
but nornicotine and perhaps other substances were reported as nico- 
tine. While this did not delay work on selection for low nicotine, it 
undoubtedly contributed to confusion in understanding results from 
the genetic standpoint. It is obvious that in the low-nicotine tobac- 
cos the inheritance of at least two sets of factors are involved, those 
concerned with the rate of nicotine production and those that control 
conversion of nicotine to nornicotine or other products. If the orig- 
inal alkaloid produced is nicotine, then there must be control mech- 
anisms not only over the rate of nicotine production but also over its 
conversion to normcotine, or other products. 

The present study has demonstrated that the ability to produce only 
a small amount of nicotine and a low total alkaloid content may be 
transferred from low-nicotine cigar tobacco to a hurley like variety of 
tobacco. Assuming that nicotine is the alkaloid produced by the roots 
of these strains, then in some strains of low-nicotine tobacco there 
must be a mechanism for changing nicotine to some other product, 
presumably nornicotine, while, in other strains this ability occurs only 
to a very slight extent. If the ability to convert a considerable por- 
portion of nicotine to some other product can be transferred to ordinary 
varieties of high-nicotine content tobacco without disturbing the vari- 
ety too much otherwise, it is possible that the nicotine content of ordi- 
nary tobaccos might be kept at a more desirable level year after year. 
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The low-iiicotine buiieylike varieties of 'tobacco described herein 
have been recognized by the United States Department of Agriculture 
{11) as a subtype of hurley and have been designated Type SUV. 

SUMMARY 

Varieties of buiieylike tobacco of very low nicotine content have 
been developed by crossing and backcrossing lowmicotine cigar to- 
bacco with biiiiey. The low-nicotine buiieylike tobacco has been 
recognized by the United States Department of Agriculture as a sub- 
type of burley and has been designated Type Sl-V. 

First generation crosses between burley and low-nicotine cigar 
tobacco were high in nicotine. In the F 2 generation there was segre- 
gation with respect to nicotine content. The percentage of nicotine 
ranged from 0 to 2.82, with no sharp line between low- and high-nico- 
tine content. This may have been because both nicotine and nor- 
nicotine were reported as nicotine. Progeny of some low-nicotine F 2 
plants produced only low-nicotine plants, but this was not always the 
case. 

Commercial crops have been grown with an average nicotine con- 
tent below 0.10. 

In general, when the nicotine content of segregates is very low the 
percentage of total alkaloids that is nicotine is correspondingly low, 
while as the nicotine content rises the percentage of total alkaloids 
that is nicotine also rises until, in ordinary burley tobacco, 85 to 95 
percent of the total alkaloid is nicotine. However, evidence was ob- 
tained that strains could be isolated with about 1 percent total alka- 
loid nearly all of which was nornicotine. 

When the average nicotine content of low-nicotine strains was di- 
vided by the average total alkaloid content 19 strains were divided 
sharply into 2 groups; one with 28 percent or less of the total alkaloid 
in the form of nicotine, and the other with 73 percent or more of the 
total alkaloid as nicotine. 

There appear to be two sets of factors controlling the inheritance of 
nicotine and nornicotine: those that control total alkaloid production, 
and those that control the change of nicotine in the leaf to nornicotine. 

The immediate irritation of the throat by cigarette smoke appears 
to be caused almost entirely by its nicotine content. 
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EFFECT OF HEAT ON BLACK ROT AND KEEPING 
QUALITY OF SWEETPOTATOES * 

By li. J. Kitshman, associate physiologist, and J. S. Cooley, senior pathologist, 

Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 

Soils, and Agricultural Engineering, Agricultural Research Administration, 

United States Department of Agriculture 

INTRODUCTION 

Of the many diseases that affect sweetpotatoes (Ipomoea baMtas 
(Ij.) Lam.) in storage, black rot, caused by Endoconidiphora fimbriaM 
(Ell. and Halst,) Davidson, probably ranks second in destriictiveiiess 
only to soft rot caused by RMzopm spp. Very little evidence of black 
rot may be present at digging time, but a large proportion of the roots 
may show the disease at the conclusion of storage. Black rot is also 
a field and seedbed disease, and considerable effort is expended to 
control it in each of its three phases. The control methods thus far 
developed for seed potatoes are surface sterilization with mei'ciiric chlo- 
ride or some similar treatment, careful building up of disease-free seed 
stock, and rotation of crops. No satisfactory chemical treatment has 
been devised to prevent the development of black rot in storage or 
in transit immediately after digging. Discarding visibly affected 
potatoes does not give control. Washed, freshly dug sweetpotatoes 
from crops infected with black rot are very often badly spotted by 
the time they reach the market. A simple and effective method of 
controlling this disease would be a boon to farmers as well as to storage 
operators. 

Lauritzen ^ determined the range of temperature at which the black 
rot fungus will grow on culture media to be 49® to 94® F. and showed 
that infection of sweetpotatoes was possible within about the same 
range. Since previous experience of the present writers had demon- 
strated that sweetpotatoes can stand 110® for at least 3 days, the 
studies reported herein were made to determine the effect of heat 
treatments on the development of black rot in harvested sweetpotatoes. 
However, because a treatment that controlled black rot would be of 
relatively little value if it increased the amount of other rots in the 
roots, caused excessive loss of weight, reduced the culinary quality, 
or decreased the sprouting capacity, the effects of the treatments on 
these factors also had to be evaluated both when black rot was present 
in the field and when it was absent. In addition, the effect of washing 
the potatoes on the effectiveness of the treatments had to be taken 
into consideration. 

1 Received for publication July 22, 1948. 

2 LaUBITZEN, J. I. INFECTION AN© TEMPERATUEE RELATIONS OF BLACK ROT OP 

SWEETPOTATOES IN STORAGE. JouF. Agr. Res. 33: 663-676, illus. 1926. 
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MATERIAL AND METHODS 

Orange Little Stem and Maryland Golden sweetpotatoes were pur- 
chased from nearby growers. Except in test 55^ all lots were placed 
under treatment the day they were dug. The material for test 55 was 
obtained after it had been at a packing shed for an undetermined 
period. All treatments in tests 52, 55, and 56 had thpe replicates, 
but the treatments in tests 53 and 54 were not replicated. Each 
sample consisted of approximately one-half bushel of sweetpotatoes 
except in test 54 for which a peck was used. 

Three insulated rooms kept, respectively, at approximately llO'^ F., 
85°, and 55° were used. In the 85° and 55° rooms the temperature 
was held within ±3°, but in the 110° room it ranged from 94° to 114° 
(fig. 1). The relative humidity was about 80 percent in the 85° and 
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Figure 1. — Temperature and relative humidity in the pasteurization room and 
chambers during the several tests. 

55^ rooms. In the 110° room two humidity conditiops were main- 
tained. In three metal chambers (100, 101, and 102) having a capac- 
ity of twelve K-busbel baskets each and equipped with fans to circulate 
the air over shallow pans of water, the atmospheric humidity was kept 
as near 85 percent as possible by regulating the area of exposed water 
and the rate of air movement over it. Outside the chambers the at- 
mospheric humidity was in general kept at 70 percent or lower by use 
of anhydrous calcium chloride in shallow pans. The 110° room was 
designated the pasteurizing room ; the 85° room, the curing room ; and 
the 55° room, the storage room. 

The term ^^pasteurization’^ is used to mean the holding of the 
sweetpotatoes at 110° F. for various lengths of time. Different lots 
were pasteurized for 1, 2, or 3 days, some in the chambers (high 
humidity) and others outside (low humidity) . 
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Curing consisted in holding the sweetpotatoes in the 85 ° F. room at 
about 80 percent humidity for 3 or 10 days with or without previous 
pasteurization. 

Each basket was given the number of the test to which it was 
assigned (52 to 56) and a letter to designate the treatment (table 1). 


Table 1. — Description of treatments given sweetpotatoes 


Treatment designation 

Pas- 

.teuri- 

zation 

period 

Humidity 

during 

pasteuri- 

zation 

Length ! 

of ! 
curing 
period 

Treatment designation 

Pas- 

teuri- 

zation 

period 

Humidity 

during 

pasteuri- 

zation 

Length 

of 

curing 

period 

A (check) 

Pasteurization at 110° F.: 
B 

Days 

0 

1 

High....] 
Low i 

Days 

1 10 

10 

Pasteurization at 110° 
F.— Continued , 

G- ! 

Days 

3 

Low 

Days 

10 

C 

1 

10 

H 

1 

High... . 
. . do _ 

0 

D. 

2 

High..,J 
Low ! 

10 

I - 

2 1 

(i 

E., 

2 

10 

J 

2 

...doT-. 

3 

F 

3 i 

Higb-._.i 

10 

K 

2 

Low 

3 





After the curing period all lots were moved into the storage room^ 
where they remained until they were examined. 

RESULTS 

SWEETPOTATOES PROM A FIELD FREE OF BLACK ROT 

The variety Orange Little Stem from a field free of black rot w^as 
used in test 52. The results given in table 2 show the general effects 
of the treatments on loss of weight through transpiration and respira- 
tion during pasteurizing, curing, and subsequent storage for 10 weeks; 
also, the percentage of sweetpotatoes (on basis of original weight) that 
remained healthy or affected with soft rot,® end rot caused by Fusa- 
riumj and other rots. No black rot developed in this test. 


Table 2. — Effect of pasteurizing and curing treatments on Orange Little Stem sweet-- 
potatoes not infected with black rot and stored for 10 weeks 
{ Average of 3 replicates] 


Test and treatment i 

Original 

weight 

per 

half- 

bushel 

lot 

Weight loss during— 

Roots 

sound* 

W eight loss from— 

Pasteur- 

izing 

and 

curing 

Storage 

Pasteur- 

izing, 

curing, 

and 

storage 

Soft rot 
(Mucor 
type) 

End rot 

Other 

rots 


Pounds 

Percent 

Percent 

Percerd 

Percent 

Percent 

Percent 

Percent 

S2A 

27. 4 

4.4 

8.6 

13.0 

85.2 

0.7 

0.9 

0.0 

ii2R rmi) 

23. 6 


8 4 

14 2 

79, 6 

2 1 

2J) 

.3 

620 (room)..-. 

27.4 

6.2 

7.7 

la! 9 

so'. 1 

a! 5 

1.6 

.5 

52D (100).. 

23.1 

8.1 

7.1 

15.2 

■ 78.8 

3.2 

:7 

1.9 

52E (room) 1 

27. 2 

6.6 

1 ■■ 7.9 

14.5 1 

75.6 

5.7 

2.9 

.7 

52F (100)_... 

23.5 

9.1 

.7.5 

16, 6 : 

70.9 

9.5 

■1.7 

.3 

52G (room) 

26. 1 

9.0 

1 . 7.3 j 

16.3 i 

71.4 

8.8 

..8'j 

1,0 

62H (101) 

23. 6 

1,1 

[ 18. S \ 

19.9 i 

41.0 

9.2 

27.8 1 

. 1.3 

521 (101)-..- 

22.7 

3.5 

16.6 ! 

20.1 I 

24.1 

25.7 

28.6 ! 

.9 

52J (100)— 

23.5 

5.8 

9. 0 ! 

14.8 

68,8 

3.3 

10. 3 I 

2.2 

52K (room)-. 

27,3 

4.4 

8.0 

12.4 

73. S 

7.2 

■ ■ 3.'7 1 

2. 0 


1 See table 1 for details of treatments; 100 and 101 designate high-humidity pasteurization chambers, 

2 DiUerence reciuired for significance at S-j^rcent level, 9.4 percent. The statistical analysis'was made 
without converting percentages to angles, because the percentage figures ranged between a) and W. 


^ Soft rot in tbis paper refers to a soft, watery rot similar to that developing 
at low temperatures and probably caused by an organism of the Mucor type. A 
study of the rot organism is being made. 
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In this test at 110 ° F. the relative humidity in the chambers (high) 
fluctuated around 80 percent and in the room (low) around 60 percent 
(fig. 1). Under these conditions weight loss and rot development 
were suflBciently similar for comparable treatments. Loss in weight 
increased during pasteurization as well as during curing, but subse- 
quently it tended to become equalized during storage for all cured 
lots. Although the check (treatment A) showed the greatest per- 
centage of healthy stock when examined January 15, this lot was not 
significantly better than those pasteurized 1 or 2 days. Lack of 
significance for treatment E, however, is questionable. The 3-day 
pasteurization caused a material reduction in keeping quality. Pas- 
teurization at 110° for 1 or 2 days without curing was not effective; 
other lots with only a 3-day curing after 2 days of pasteurizing kept 
nearly as well as those similarly pasteurized but cured a full 10-day 
period. 

The capacity of these sweetpotato roots to produce sprouts, or 
draws, together with that of those in test 56 (p. 189), is shown in table 
3. The roots in test 52 were bedded January 16 in moist sand in 
shallow boxes and placed under artificial light in the room originally 
used for curing (85° F. and 80 percent relative humidity). The num- 
ber of sprouts that developed was determined February 2. After 
this period of 17 days under good conditions most of the sprouts above 
the sand were several inches long. 

Table 3 shows that 1 day of pasteurizing followed by 10 days of 
curing did not lessen the production of sprouts in comparison with 
curing only; but pasteurizing for 2 or 3 days caused a reduction in 
sprout production whether the roots were cured 3 or 10 days. Whether 
this situation would hold true at normal bedding time is not known. 

To test the effect of the pasteurizing treatment on culinary quality, 
five representative sweetpotatoes from each of the treatments were 
baked and tasted. A bitter or off flavor was found in roots given 
treatments D,E, F, G, I, and K; those given treatments A, B, and C 
were judged satisfactory and those given treatments B and C less so 
than those given A. 


Table 3. — Sprout produciion hy pasteurized and nonpast euri zed roots of Orange 
Little Stem and Maryland Golden sweetpotatoes 


Variety, test, and treatment ^ 

Weight 
of 9 roots 
bedded 

Sprouts produced— 

Roots 

dormant 

Roots 

rotted 

Above 

sand 

Below 

sand 

Total 

[ 

Orange Little Stem: ■ ' 

Pounds 

Number 

Number 

Number 

Number 

Number 

52A-_.-. .. 

2.3 

99 

118 

217 

0 

0 

52B-_ ■ 

2.0 

74 

138 

212 

0 

1 

52C._ ■ 

2.1 j 

114 

156 

270 

0 

0 

' ^ 

2.0 

43 

1 75 

118 

0 

3 

, S2'G , 

2.0 

54 

1. , , 93 

147 

0 

4 

62,JC_.. ^ ; 

Maryland Golden: 

2.0 ; 

27 

i 77. 

104 

0 

! ■ ; 1, 

56A., ■ 

-'2,5 

63 

, 33 

96 

0 

0 


2.6 1 

71 

37 

108 

0 

0 


2.4 ! 

38 

130 

168 

0 

0 

560... ■ 

2.5 

41 

|." 24" 

65 

0 

!■ 3 

56E.] '"j 

2.71 

49 

40 

89 

2 1 

0 

56G — ; 

2.9 

67 

56 

113 

0 



^ See table 1 for details of treatments. 
® Partly rotted oii each end. 
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COMMERCIALLY WASHED SWEETPOTATOES THAT CONTAINED SOME 
BLACK ROT AT DIGGING 

Because of tlieir similarity in material, methods, and results, tests 53 
and 55 are considered together. Test 53 ’was started October 24 and 
test 55 October 1, and the roots were examined January 7 and 8, 
respectively. Maryland Golden sweetpotatoes that had been ’washed 
commercially were used in both tests. The roots used in test 53 
were placed under test conditions the day they were dug; those in 
test 55 were obtained from a packing shed where they had been for an 
undetermined length of time after digging. Both lots contained some 
black rot ’when delivered to the shed. All visibly infected potatoes 
w^ere removed after the roots were w^ashed. In all check lots (A) 
some black rot developed during the storage period, but not a single 
black rot lesion could be found in any of the pasteurized lots (table 4). 
This indicates that sweetpotatoes mfected '^vith black rot or carrying 
black rot inoculum can be effectively pasteurized and that this 
disease can be arrested by subjecting the roots to 110*^ F. for 1 day. 
The effect of the pasteurizing treatment on the development of other 
rots is not clear. ^ 


Table 4. — Kind and amount of decay developing in pastetirized. and nonpasieurized 
washed Maryland Golden sweetpotatoes that were cured 


Test and treatment i 

Total 

roots 

tested 

Roots 

sound 

Roots affected with— 

Mum- 

mies 

Black 

rot 

Soft rot 
{Mucor 
type) 

End rot 

Surface 
rot 2 

Other 

rot 


Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

53 A 

68 

32 

18 

14 

3 

0 

0 

1 

53B (102) 

24 

24 

0 

0 

0 

0 

0 

0 

63G (room) 

36 

24 

0 

9 

3 

0 

0 

0 

53D (102) 

41 

25 

0 

1 

15 

0 

0 

0 

53 E (room) 

44 

11 

0 

1 

31 1 

0 

1 

0 

55A3. 

311 

28 

23 

174 

38 

1 ' 

0 

47 

55B (102)3.. 

137 

66 1 

0 

17 

34 

22 

0 

8 

65C (room) 3 

134 

32 1 

0 

41 

25 

3 

0 

33 


1 See table 1 for details of treatments; 102 designates a high-bumidity pasteurization chamber. 

3 Surface rot could easily have been classed as desiccated skinned areas or bruises on healthy potatoes. 
3 55 A represents 6 replicates; 55B and 55C, 3 replicates each* 


SWEETPOTATOES WITH BLACK ROT LESIONS PRESENT 

In test 54 an attempt was made to kill the black rot organism after 
it was well established. On Maryland Golden sweetpotatoes that 
had black rot lesions at the time of digging the margins of the lesions 
were carefully outlined with an indelible pencil before the roots were 
treated. About 1 peck of such sweetpotatoes ’was used for each treat- 
ment. This test was begun October 24 and the roots ’were examined 
January 7, when they were divided into three classes: (1) Those on 
which the lesions had enlarged beyond the indelible line ; (2) those on 
which the lesions had not enlarged beyond that line; and (3) those so 
badly rotted by other organisms that it was impossible to tell what had 
happened to the black rot lesions (table 5 and fig* 2) On only one 
root from the pasteurized lots did rot develop beyond the indelible 
line* and it was doubtful ’whether black rot was the cause of this 
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Figure 2 . — Aj Black rot lesions on sweetpotatoes pasteurized 1 day, which did 
not enlarge; B; lesions on nonpasteurized sweetpotatoes, which enlarged 
dining storage. 


extension, because isolations from it did not yield the black rot fungus. 
"V^en isolations were made from the enlarged lesions on the dieck 
lots, however, several cultures of the black rot fungus were obtained; 
but none was obtained from the lots pasteurized for 1 day. It was 
noted also that the lesions on pasteurized roots remained shallow like 
those on freshly dug potatoes, whereas some of the enlarged lesions 
on the check lots had progressed into the tissue of the potato for as 
much as half an inch. Some of the other lesions did not develop 
beyond the stage they had reached at the time of treatment. These 
were shallow and appeared to be inactive or dead, like those on the 
pasteurized lots, indicating that some of the black rot lesions found at 
digging do not remain active. 


Table 5. — Enlargement of black rot lesions on •pasteurized and nonpasteurized roots 
of Maryland Golden sweetpotatoes during 10 weeks in storage 


Test and treatment ^ 

Potatoes 

tested 

Margins of 

1 lesions 
extended 

Margins of 
lesions not 
extended 

Lesions 
obscured 
by other 
rots 

54A-1— A--.— 

Number 

16 

Number 

2 7 

Number 

3 

Number 

6 


17 

2 5 

6 

6 



54B (102K-^-..— — - - 

16 

0 

3 13 

3 

540 (room)-, 

16 

3 1 

3 8 

7 

54D (102),_>,. 

18 

0 

■ 15 

3 

54E (rcwm)--. 

15 

0 

' ' 8 1 

■■ 7 

54F (102). ... 

15 

0 

5 

10 

54G (room)... ... 

15 

0 

'to. 

. 5 




J See table 1 for details of treatments; 102 designates a high-humidity pasteurization chamber. 
2 Isolations yielded black rot fungus. 

* Isolations did not yield black rot fungus. 
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UNWASHED SWEETPOTATOES THAT CONTAINED SOME BLACK ROT AT DIGGING 

In test 56, started October 29 and examined January 8, Maryland 
Golden sweetpotatoes from a field w'here black rot was in evidence 
were put through the same series of pasteurizing and curing. Careful 
records were made of weight losses and types of rots that developed. 
All roots having black rot lesions at time of digging w^ere sorted out 
and thrown away. Unlike the sweetpotatoes in tests 53 and 55, 
these were not washed. Although these roots came from a field where 
only a few^ roots were infected with black rot, in the three check baskets 
an average of 8 percent by weight of the original lot developed the 
disease (table 6). The percentages of sound roots except after the 
3-day pasteurization, while not greatly increased in the pasteurized 
lots, indicate that had the black rot taken a greater toll the pasteurized 
lots would have had considerably more sound roots; or, if the surface 
rots had been considered as desiccated bruises and classed as sound, 
all the pasteurized lots, except those given treatment G, would have 
had considerably larger percentages of healthy roots. Eesults for 
treatment F are omitted from the table because the 3 days at high 
humidity and 110° F. induced to a marked degree a type of decay 
occasionally noticed in similarly treated roots in the other tests — 
that is, a shallow, pitlike rot probably caused by a species of Bhizopus, 
In treatment 56F this did not stop and dry up as in the other lots 
pasteurized 3 days but continued until nearly every infected potato 
was destroyed. 

Table 6. — Effect of pasteurizing and curing treatment on Maryland Golden siceeU 
potatoes infected with black rot and stored for 10 weeks 


[Average of 3 replicates] 


Test and treat- 
ment ^ 

Original 
weight 
per half- 
bushel 
basket 

Weight loss during— 

Roots 

sound 

Weight loss from— 

Pasteur- 

izing 

and 

curing 

Storage 

Pasteur- 

izing, 

curing, 

and 

storage 

End rot 

Surfac*e 
rot 2 

Black 

rot 

Other 

rots 


Pounds 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

56 A. 

22.3 

3.5 

2.7 

6.2 

76.5 

5.4 

2.9 

8.0 

0.0 

56B (102)... 

21.7 

5.4 

3.7 ^ 

9,1 

77.7 

4.1 

7.6 

.0 

.8 

56G (room) 

20.0 

5.5 

3.7 i 

9.2 

84,2 

2.3 

2.9 

.0 

1,0 

56D (102) 

20.8 

7.0 

2.8 ! 

9.8 

85.4 

1.9 

2.6 

.0 

.0 

56E (room) 

21.7 

7.4 ! 

■3.1 1 

10.5 

76.9 

3.4 

5.8 

.0 

3.4 

56G (room)-.- 

22.2 

8.3 

4.5 ! 

12,8 

74. 2 

1.5 1 

6.5 

.0 

5.1 


1 See table 1 for details of treatments; 56F was discarded November 13, 1947, because of excessive rotting; 
102 designates a high-humidity pasteurization chamber. 

2 Surface rot could easily have been classed in most cases as desiccated skinned areas or bruises on 
healthy potatoes. 


In considering the effect of these pasteurizing treatments upon the 
development of other rots it was noted that prolonged treatment of 
potatoes w^as detrimental, and that the type of rot that developed 
seemingly depended on factors other than the pasteurization treat- 
ment itself. 

Some roots from each of these treatments were bedded January 12 
and were examined for sprouts February 2. The results indicate 
again that pasteurization for 1 day did not hurt the sprouting capacity 
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of the potatoes (table 3). However, these data are not so clear-cut 
as those for Orange Little Stem (table 3). Irregularity of sprouting 
was also noted in other tests with Maryland Golden. 

SUMMARY AND CONCLUSIONS 

In sweetpotatoes freshly dug from fields where black rot occurred 
subjection to 110*^ F. for 1 day or more and then curing at 85° and 80 
percent liumidity prevented the development of black rot in storage 
and killed the causal fungus on lesions present when dug. In roots 
treated for more than 1 day at this temperature an off flavor was found 
in baked lots, sprout production was inhibited, and frequently certain 
other types of decay were prevalent. If treated for only 1 day at 1 10° 
the sweetpotatoes were not materially damaged in any way. 



A FURTHER TOXICOLOGICAL COMPARISON OF DERRIS 
AND LONCHOCARPUS ‘ 


By Mbebiam A. Jones, formerly associate chemist^ and Caleb Pagan, junior 
chemist^ Puerto Rico (Mayagiiez) Federal Experiment Station; Edward R. 
McGovran, formerly senior entomologist, Wilbur A. Gersdorff, associate chem- 
ist, and Price G. Piquett, assistant entomologist, Bureau of Entomology and 
Plant Quarantine, Agricultural Research Administration, United States Depart- 
ment of Agriculture 

111 a recent article ^ a report was made of a toxicological comparison 
of some authentic samples of roots of Derris and Lonchocarpus 
varieties. In the work therein described several types of Derris 
and Lonchocarpus were used, each of which was represented by one 
or two samples of roots grown in the same location. The report 
showed derris root to be generally superior to lonchoc^arpus root 
even when the rotenone content was equal. The present report deals 
with a similar comparison of the same species with some of the types 
represented by samples grown under different conditions. Additional 
chemical analyses were made in an attempt to trace the toxicity due 
to compounds other than rotenone. 

The varieties of Derris elliptica (Roxb.) Benth. used were: Sarawak 
Creeping, St, Croix, and Changi No. 3. The Sarawak Creeping 
variety was represented by samples of roots grown in Puerto Rico 
and of roots grown in Guatemala. The Changi No. 3 w-as represented 
by samples of the Rio Piedras clone and the Mayaguez-Goodyear 
(MG) clones. The lonchocarpus root used was of Lonchocarpus utilis 
A. C. Smith and L. chrysophyllus Kleinh. Of i, utilis ^ one sample was 
from plants grown in Puerto Rico and one from plants grown in 
South America. This gave a set of 8 root samples, each of ’which 
represented 10 or more plants. 

The toxicological tests were made on houseflies {Musca domestwa L.) 
and Mexican bean beetles {EpUdchna varvimstis Muls. The samples 
for the tests with houseflies were prepared as in the previous study,® 
and the dilutions used were such that 1 ml. of the test solutions 
contained 0.09 mg. of rotenone. The tests were carried out by the 
turntable method on adult houseflies reared by standard procedure. 
Eight tests were made on each sample with about 150 flies to each test. 
For reference, tests were also made with solutions of 5 graded com 
centrations of pure rotenone. The toxicity of the rotenone standards 
was plotted against concentration on log-probability paper and a 
straight line fitted. The rotenone equivalents of the root samples 
were then obtained by reference to this graph. The results are 
given in table 1. 

1 Received for publication June 25, 1948. 

2 Jqj^eq A., Gersdorff, W. a., and McGovran, E. R. a toxicological 
comparison of derris and lonchocarpus. Jour. Econ, Ent. 39: 281-283. 

1946.. ■■■■■ 

3 gee footnote 2, page 196. 
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Table 1.^ — Comparaiwe toxicity of some derris and longchocarpus samples to hovse- 

flies 


Sample and where obtained 

Concen- 
tration ^ 

Mortal- 
ity of 
flies in 

3 days 2 

Rotenone equi v- 
alent of test 

Rotenone equivalent of 
root 

solution 

Total 

Rotenoids 

D. eUiptka: 

Sarawak Creeping, Puerto Rico. . - 

. Sarawak Creeping, Guatemala 

Changi No. 3, MG 

Mg.jml. 

L69 

1.71 

1.25 

Mean 

percent 

46 

33 

35 

Mg.jml. 

0. 222±0. 015 
.146± .011 
. 153± . 012 

Percent 

13. 14=t0. 89 
8. 59=h . 64 
12. 24d= .92 

Percent 

7. 74 
3. 29 
4. 94 

Changi No. 3, Rio Piedras_ 

2.44 

35 1 

. 153± , 012 

6. 24=fc . 49 

2. 54 

St. Croix - 

4.99 

48 ^ 

.236± .016 

4. 73=fc . 32 

2. 93 

L. titilis: 

Puerto Rico - 

1.64 ' 

32 1 

.140± .011 

8. 54d: . 67 

3.04 

South America- - 

1.91 

37 

.m± .013 

9. 00± . 68 

4. 30 

L, chTysophyllus 

1.55 

23 

.106± .009 

6. 84=h: . 58 

1.14 


f 

23 

.100± .009 


.2 

40 

.200± .013 



Rntfmone 

\ J 

68 

.400± .034 




.8 

81 

.800± .070 




1 1.6 

91 

1. 60 d= . 23 







1 Concentration of oven-dry, powdered root, the concentration of rotenone in each test solution was 0.09 
mg. per milliliter. 

2 Standard error of mean mortalities is 2.2 percent. Differences between mean mortalities greater than 6 
percent are significant at adds of 19:1. 

For the tests on the Mexican bean beetle, the spray tower-petri dish 
technique was used. This method was designed to duplicate some of 
the practical conditions that would be encountered in control woi'k in 
the field. Excised bean leaves with petioles in vials of water were 
treated uniformly on both sides by a falling mist spray consisting of 
a suspension of the powdered sample in water containing acacia. The 
amount of sample in the spray was adjusted for each sample so that 
the rotenone concentration was 0.0125 ±0.0002 percent. To prepare 
the control samples, an acetone solution of rotenone was mixed thor- 
ouglily with fuller’s earth and the acetone evaporated. The powder 
was then passed through a 200-mesh sieve and suspended in water 
containing the wetting agent. As soon after the spraying as the water 
had evaporated from the surface the leaves were placed in 6-inch 
petri dishes and infested wuth 10 third instar larvae of the Mexican 
bean beetle. The larvae were confined in the dish by a 16-mesh screen 
cover. After 3 days the treated leaves were removed and an unsprayed 
leaf placed in each dish. This was done to permit larvae that were 
only slightly poisoned by the spray to feed on fresh foliage and recover. 
Thus those repelled by the spray deposit would not starve and so give 
a false idea of the value of the insecticide. It was felt that this prac- 
tice resembles practical conditions under which, about 3 days after 
spray treatment, there is usually untreated leaf area present on bean 
plants, due to new growth, opening of flowers, or removal of spray 
deposit by weathering. However, the technique differed from practical 
conditions in that the spray was not applied directly to the insect as 
it would be to a great extent in spraying a bean field. Also under 
practical conditions larvae only slightly poisoned may fall off the plant 
and be killed by predators, trampling, or desiccation. Therefore, 
under the conditions of the tests the larvae had a better opportunity 
to recover from slight poisoning. 
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The spray residue may have acted as a contact insecticide on the 
insects that crawled on it. It also acted as a stomach poison when the 
leaf was fed upon by the larvae. The dosage received by a larva was 
also probably affected by the repellent action of some constituents of 
the spray. Final mortality counts were made on the sixth day. The 
entire series was run in duplicate daily for 10 days to give a total of 
20 tests for each of the 8 samples and 2 controls. In order to determine 
how much of the leaf was fed upon, the area eaten was estimated by 
placing a grid on the leaf and counting the number of square centi- 
meters missing. Where only portions of a square centimeter were eaten, 
the area was estimated. The results of the tests are given in table 2. 


Table 2. — Comparative toxicity of some derris and lonchocarpus samples to Mexican 

bean beetle larvae 


Sample and where obtained 

Concen- 
tration in 
spray 

Amount 

Mortalitv 

Calc iilated mortali ty 
per cm consumed 

eaten ^ 

in 6 days ^ 

Rote- 
none ^ 

Total 
root * 

D. elliptica: 

Sarawak Creeping, 

Gm./lOO 

ml. 

Cm.^ test 

Percent 

Percent 

Percent 

Puerto Rico 

0. 23 

1.6 

49 

31 

33 

Sarawak Creeping, 
Guatemala - 

. 24 

3. 2 

42 

13 

14 

Changi No. 3, MG. 

• 17 

1.9 

37 

19 

28 

Changi No. 3, Rio 
Piedras 

.34 

2. 0 

37 

18 

13 

St. Croix 

. 69 

2. 1 

44 

21 

8 

L. tdilis: 

Puerto Rico 

.23 

4. 3 

27 

6 

'7 

South America 

. 27 

4. 1 

39 

10 

9 

L, chrysophyllus^ 

.22 

6.3 

32 

: 5 

6 

Rotenone preparation 

. 25 

5. 0 

40 

8 

8 

Rotenone preparation . 

. 25 

3.8 

38 


10 


15.0 em.2 is a significant difference. 

2 10 percent is a significant difference. 

® Equal dosages of rotenone. 

^ Equal dosages of root (0,25 gm. per 100 milliliter). 
5 standard 5 percent rotenone in fuller’s earth, 
e Standard 20 percent rotenone in fuller’s earth. 


Chemical examination of the samples consisted of rotenone anal- 
yses % the method of the Association of Official Agricultural Chem- 
ists.^ The procedure outlined by Goodhue and Haller ^ was used to 
determine the alkali-soluble fraction, fats and waxes, and the neutral 
resin. The content of rotenone plus rotenoids was determined by a 


f Association of Official Agricultural Chemists, official ano tentative 
METHODS OF ANALYSIS . . . Ed. 5, 757 pp., ilius, Washington D. C- 1940, 

(See pp. 64-66.) 

s Goodhue, L. D., and Haller, H. L. the non-crystalline constituents 
OF tephrosia virginiana roots. Amer, Chem Soc. Jour. 62: 2520-2522. 1940. 
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colormietric procedure ® and deguelin by the method of Goodhue and 
Haller/ 

The tests with houseflies allow the samples to be ranked as follows 
with regard to toxic value: (1) Derris Sarawak Creeping from Puerto 
Rico and derris Changi No. 3, MG clonej (2) the two Lonchocarpus 
uUlis samples and the derris Sarawak Creeping from Guatemala^ 

(3) L. chrysophyllus and derris Changi No. 3, Rio Piedras clone, and 

(4) derris St. Croix. 

The mortality of larvae on the foliage, treated or untreated, varied 
considerably. In trials with untreated foliage, 8 tests early in the 
period of testing gave 2 percent average mortality, 6 tests near the end 
of the period gave 40 percent, and 16 tests in the final week gave 72 
percent. The data for rotenone in fuller’s earth show clearly that 
the toxicity was not proportional to the rotenone content of the spray ; 
a 5-percent rotenone preparation gave the same kill as a preparation 
containing 20 percent. Likewise, in tests not shown in table 2, 1.25 
percent rotenone in fuller’s earth gave 62 percent kill, while a prepara- 
tion in which pure rotenone was used gave only 70 percent kill. 
From these results it is apparent that little increase in effectiveness 
resulted from increasing the concentration of rotenone in the spray. 
The larvae apparently compensated for the increased rotenone by 
reducing their feeding and. contact. That the amount of feeding 
decreased as the concentration of rotenone was increased was shown 
by the following tests which were made in pairs: With 1.25 percent 
rotenone, 6.0 cm.^ was eaten, and with 98 percent, 1.2 cni.^- with 2.5 
percent, 14.1 cm.^, and with 10 percent, 9.1 cm,^; with 5 percent, 
5 cm.^, and with 20 percent, 3.8 cm.^. Therefore, since it was not 
possible to arrive at rotenone equivalents as was done with the data 
for houseflies, the comparison was made on the basis of mortality in 6 
days with equal rotenone dosages and the amount of feeding was 
taken into account. 

The data indicate that the derris samples caused higher mortality 
than the lonchocarpus and permitted less feeding when equal dosages 
of rotenone were used. On the basis of mortality per unit area con- 
sumed the Puerto Rican Sarawak Creeping and the Changi No. 3 
MG roots appear to be the most effective and the St. Croix derris and 
tho lonchocarpus samples the least. 

The rotenone equivalents calculated from the toxicological tests 
on houseflies are shown in table 3, together with the results of chemica] 
examination. 

Since it was not possible to calculate rotenone equivalents from the 
data with the bean beetle, only the data from the tests with houseflies 
are included for comparison with those obtained by chemical examina- 
tion. Such comparison brings out several points. It shows (1) that 
deguelin was not the only toxicant besides rotenone and (2) that the 

® Jones, M, A. the application of a modified red-color test for rote- 
none AND RELATED COMPOUNDS TO DERRIS AND LONCHOCARPUS. AsSOC/Off. Agr- 

Chem/Jour/28: 352--359, illus. 1945. 

Goodhue, L. D., and Haller, H, L. a method for determining deguelin 
IN DERRIS AND CUBE. ludus. and Eiigm. Ghem., Analyt. Pld. 11: 640-642. 1939, 
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alkali-soluble fractions and the fats and waxes had no appreciable 
toxicity. The compounds that contribute the extra toxicity apparently 
occur in the neutral resin fraction. Toxicity over that due to rotenone 
was roughly proportional to the neutral resin content. The percent- 
ages of neutral resin indicate that it contained varying amounts of 
toxicant. 


Table 3. — Chemical analysis and rotenone equivalent of some derris and lonchocar- 
pus samples as determined by tests on houseflies 


Sample 

Chemical analyses (dry basis) 




, 

, 








Rote- 





D 






5 

none 




hi 



■jj ^ 

03 




equiv- 



© 



© 

0.9 

hC 

hi 

H 

'S o 

alent 

Type 

Where grown 



sg 

c 



"S 

'3 


of 






g 


c3 

h! 

s 


roots 



53 

O 


’o 



T 






£ 







3 





Num- 

Per- 

Per- 

Per- 

Pev- 

Per- 

Per- 

Per- 

Per- 

Per- 

I). elHptka: 


her 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Sarawak Creep- 

Puerto Rico.., 

162 

16.4 

12.7 

5. 4 

0.32 

1.41 

10. 49 

0. 16 

0, 12 

13. 14 

ing. 












Do... 

Guatemala 

80 

12. 6 

9.9 

5.3 

.33 

.89 

7. 08 


1.05 

8. 59 

Cliangi No. 3, 

Puerto Rieo... 

191 

16.6 

13.5 

7.3 

.48 1 

2.45 ! 

7.31 

.22 ; 

1.29 ! 

12. 24 

MCx. 




1 








Charigi No. 3, 

.do 

129 

7.8 

6.3 i 

3 7 

.34 

1.43 

3. 86 


.75 

6. 24 

Rio Piedras. 












St. Croix 

do 

854 

5.9 1 

4.6 

1.8 

.37 

1.13 

3. 81 

.13 

.78 

4. 73 

L, utilis 

do.. 

10 

8.3 ! 

6.4 1 

5. 5 

.22 

1.97 

2. 43 


. 05 

8.54 

Do 

South Ameri- 

32 

12.4 1 

8.8 

4.7 

.67 

1.73 

4.02 

2. 64 

3.27 

9. 00 


ca. 











X. chTysophyllua 

Puerto Rieo--- 

10 

7. 7 

6.2 

5.7 

.37 

1. 05 

2. 06 


.32 

6. 84 


Inasmuch as such roots are valued for their insecticidal action and 
accurate biological tests are expensive on a large scale, it may be of 
value to rank the samples according to toxicity and compare this order 
with that obtained by use of the chemical analytical criteria. Such 
a comparison is shown in table 4. 

From this table it can be seen that ranking according to the content 
of rotenone plus neutral resin or according to total chloroform ex- 
tractives agrees most closely with the order obtained by tests with 
houseflies. Neither of these criteria gives numerical values which 
agree even closely with the numerical values for rotenone equivalent; 
for numerical agreement the colorimetric determination for rotenone 
plus rotenoids gives the best agreement but it fails to bring out small 
differences. 

With regard to the two types represented by samples grown in 
different localities, it is clear that the toxicity per unit of rotenone 
content was considerably different in the same variety grown in two 
localities; this indicates That ginwing conditions, as well as variety, 
affect the toxicity of the nom-otenone constituents of the roots. 
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Sample and where 
obtained 

Rote- 

none 

equiv- 

alent 

Rank based on — 

Toxicity 
to house- 
flies 

Total 

chloro- 

form 

extrac- 

tives 

Rotenone 

plus 

rotenoids 

Rotenone 

Rote- 

none 

plus 

neutral 

resin 

7). elliptica: 

Per- 






Sarawak Creep- 

cent 






ing, Puerto Rico_ 

13. 14 

1 or 2 

lor 2 

2 

2, 3, 4, or 5 

1 

Changi No. 3 MG_ 

|12. 24 ; 

1 or 2 

1 or 2 

1 

1 

2 

L. utilis: 







South America 

9. 00 

3, 4, or 5 

3 or 4 

4 

6 

4 

I), elliptica: 







Sarawak Creep- 







ing, Guatemala _ 

8.59 

3, 4, or 5 

3 or 4 

3 

2, 3, 4, or 5 

3 

L. utilis: 







Puerto Rico 

8.54 

4 or 5 

5 

5, 6, or 7 

2, 3, 4, or 5 

5, 6, or 7 

L, chrgsophyllus 

6.84 

6 or 7 

6 or 7 

5, 6, or 7 

2, 3, 4, or 5 

5,6, or 7 

I), elliptica: 







Changi No. 3, Rio 







Piedras - 

6.24 

6 or 7 

6 or 7 

5, 6, or 7 

7 

5, 6, or 7 

St. Croix 

4.73 I 

8 

8 

8 


8 


1 Note that the rank is not hosed on a uniform scale but rather on relative order among the 8 samples, 
l=highest, 8== lowest. 


SUMMARY 

Nine chemical characteristics and the toxicity to two species of 
insects were determined for eight samples of derris and lonchocarpus 
root. When the samples were ranked on the basis of toxicity, rotenone 
plus natural resins and total chloroform extractives were found to be 
most nearly in accord with their toxicity to houseflies. The rotenone 
plus rotenoids ranking was fairly similar to the insecticidal ranking; 
rotenone content as well as the other chemical characteristics deter- 
mined showed considerable divergence from the toxicological value. 

In general, derris had a higher insecticidal value than lonchocarpus 
when comparisons were based on equal rotenone content. The derris 
grown ill Puerto Rico was much more toxic than that grown in 
Guatemala, but there was little difference in the lonchocarpus samples 
from Puerto Rico and South America. 

The housefly was more satisfactory than the larvae of the Mexican 
bean beetle as a test insect for evaluation of the relative toxicity of 
these samples. However, despite the dissimilarity in the manner in 
which the insecticides were applied, the rankings according to toxicity 
to the two species agreed when the differences between samples were 
relatively great. 



COMPAEISON OF CHEMICAL VALUES WITH THE TOXI- 
COLOGICAL ROTENONE EQUIVALENT OF DERRIS AND 
LOXCHOCARPUS ROOTS ^ 

By Caleb PagAn, junior chemist, and Arnaud J. Ix3Ustalot, plant pJiijsiologist 
and assistant director, Puerto Rico {Mayagiie^) Federal Experifnent Station, 
United States Department of Agriculture 

INTRODUCTION 

Dulling the recent war roteiione was an important item on the list of 
scarce and strategic materials of the United States. The main source 
of supply was cut off when the Japanese invaded the principal derris- 
producing areas of the world. As a result, large quantities of Lotu 
choearpus or cube roots were imported from Peru and other South 
American countries, where this rotenone-bearing species grows ex- 
tensively. Table 1 shows the relative j)ercentages of derris and 


Table 1. — United States imports of derris and lonchocarpus roots, from 1941 

to 1946^ 


Species 

1941 

1942 

1943 

1944 

1945 

. 1946 2 

Lonchocarpus root 

Derris root 

Percent 

48.7 

51.3 

Percent 

73.0 

27.0 

Percent 

100 

j 

Percent * 
100 

Percent 

99.4 

.6 

Percent 

99.8 

.2 





1 Prom a report by Lawrence Witt (10), Office of Foreign Agricultural Relations, V, S. Department oi 
Agriculture. 

2 Data for 1946 from Claud L. Horn of the same office. 


ionchocarpus root imported into the United States bet’ween 1941 and 
1946. 

Assuming that the inventories of most importers are small from 
year to year, it is evident from these data that practically the entire 
amount of rotenone used in the United States during the past 4 years 
was obtained from the roots of lonchocarpus. The results of a field 
experiment perfoimed by Dr. G. E. R. Hervey of the Jfevr York State 
Agricultural Experiment Station ^ indicate that insecticidal prepara- 
tions made from derris may be more toxic than those made from 
ionchocarpus at the same rotenone level. In Hervey’s experiment 
samples of powdered derris and lonchocarpus root each containing 5 
percent rotenone were diluted with talc to make dusts containing 1.0, 
0.5, and 0.25 percent rotenone. These dusts Avere applied to cabbage 
having a light infestation of the imported cabbage worm (Ascm rapae 
(L.) ) and cabbage looper (Autographa^rassieae (Eiley ) ) . 

^ Received for publication June 25, 1948. 

^ Unpublisbed data. 
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The dusts were applied three times at an average rate of 25 pounds 
per acre witli an interval of about 2 weeks between applications.^ The 
results, which are shown in table 2, are based on the quantity of foliage 

Table 2. — Compa7'afive control of the imported cahtnigeworni and cabbage looper 
iDlth rotenone dust from derris and lonchocarpus roots ^ 


Source 

Rotenone 

Average in- 
jury index 

Control 

Derris 

Percent 

1.0 

1.0 

.5 

.5 

.25 

.25 

Percent 

17.1 
21.5 

22.1 

25.0 

29.1 
28.8 
57.4 

Percent 

70.2 
62. 5 
61. 5 
56. 4 

49.3 
49.8 

Loncbocarpus _ - 

Derris 1 - 

Lonchocarpus - -- 

Derris . ^ - 

Lonchocarpus 

Cheek _ _ 

Least difference required for significance (19:1) 




3.3 






i Unpublished data from G. E. R. Hervey, New York State Agricultural Experiment Station. 


consumed and were taken when insect activity had ceased. These 
data show that the insect control obtained with 1.0 percent rotenone 
dust made from derris root was significantly better than that obained 
with dust of the same rotenone content made from lonchocarpus. The 
insect control obtained with 0.5 percent rotenone dust made from derris 
was better, although not significantly so, than that made from loncho- 
carpus. The control with 0.25 percent rotenone dust made from derris 
and lonchocarpus was about the same. In commercial practice these 
insecticidal plants are evaluated and sold mainly on the basis of their 
rotenone content, but this criterion apparently does not indicate their 
toxicological value. 

Ill 1944 Pepper and Filmer (9)^ reported results of insecticidal 
tests in which an insecticidal plant of low rotenone Content, Dems 
mdlaecensis Prain, was compared ivith other species of Derris con- 
taining a higher rotenone content. Their data showed a higher toxi- 
cological value for I>‘. malaccensis^ than for the other species. More 
recently Jones et al. (5) have presented data wdiicli show that 
the colorimetric determination of rotenone plus rotenoids was tlie 
best chemical estimate of the toxicity of the samples, although it 
varied considerably from the biological evaluation.” 

A criterion other than rotenone percentage is needed to establish 
the true toxicological value of these insecticidal plants. Such a cri- 
terion, to be used commercially or when large numbers of samples are 
involved, must of necessity be simple, rapid, and reasonably accurate. 
Pagan and Loustalot (S) suggested the use of transmittance values 
of acetone extracts of derris roots measured in a spectrophotometer at 
S60 mpL. These measurements correlated fairly closely wdth the rote- 
none equivalent as determined biologically. However, this method has 
certain limitations due to the f act that special apparatus and technique 
are needed. Likewise, the red-color value, suggested by Jones ( J) , also 
has limitations because a colorimeter or other suitame instrument is 
iieeded, the conditions required for the test are rather exacting, and 
the results are not always in close agreement with the bioiogical assays. 

' Italic numbers in parentheses refer to literature Cited, p. 204. 
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Total extractives as a measure of toxicity liave not been used exten- 
sively because these values are generally higher and thus do not closely 
approximate the true insecticidal value of the roots. Also, in com- 
paring some of these chemical analyses with results of tests on insects, 
derris and lonchocarpus samples frequently were included in the same 
experiments. In this paper data from derris and lonchocarpus samples 
are presented whkli show a comparison between some chemical analy- 
ses such as total extractives, red-color values, and rotenone and the 
rotenone equivalent (determined biologically). In these comparisons 
the data from derris and lonchocarpus samples are treated separately. 

MATERIALS AND METHODS 

Thirteen rotenone samples were available for comparison. Eight 
of these were from roots of De/Tis elliptica and 5 were Lonchocarpu^s 
(3 of i. uMUs and 2 of L. ch^sopkylhis) (*5, 6). All samples were 
assayed biologically on houseflies {Mitsca domestiea L.) by W. A. 
Gersdorff and E. R. . McGovran of the Bureau of Entomology and 
Plant Quarantine.'^ These 13 samples were used because the essential 
data were at hand ; data on more samples were desired but no other 
biologically assayed samples were available. Rotenone analyses were 
made according to the procedure of the Association of Official Agri- 
cultural Chemists (^, pp, 64-€6)^ and total chloroform extractives 
were determined from an aliquot of the chloroform extract as obtained 
in the rotenone determination. The procedure described by Jones 
(4) was used to determine the red-color values. The regression equa- 
tion and the correlation coefficient between the biologically determined 
rotenone equivalent and each of the afore-mentioned chemical values 
were calculated. 

RESULTS 

Table 3 gives the correlation coefficients and regression equations 
calculated between the toxicological rotenone equivalent of derris sam- 
ples and the thxTe chemical values of rotenone, red-color value, and 
total chloroform extractives. Although all three correlation coef- 
ficients were highly significant, the values for total chloroform extrac- 
tives and red-color value were much higher than that for rotenone, 
indicating that total chloroform extractives and red-color value are 
better criteria. The t values obtained indicated highly signifi- 
cant regression coefficients in all cases, but again the value for total 
chloi^oform extractives (10.19) and for red-color value ( 10,98) were 
both considerably higher than the value for rotenone (4.36). The 
standard error of estimate calculated for the three analytical values 
show that the error in estimating toxicity f rom rotenone is about twice 
that from total chloroform extractives and red-color value. 

Hierriam A. JoiieSv formerly cliemist at this station, also participated in the 
chemical analyses herein reported. 
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Table S. — Correlation coefficients, sUmdard error of estimates, and regression 
equations between toxicological rotenone equivalent and analytical values of 
some deni.s and lonehocarpus samples 



Correlation 
coefficient ^ 

Standard error 
of estimate 

Regression equations 2 

Constitnent 

Derris 

roots 

Loncho- 

carpus 

roots 

Derris 

roots 

Loncho- 

carpus 

roots 

Derris roots 

Lonehocarpus roots 

Total chloroform extrac- 
tives. 

0. 972 

0.435 

1.20 

1.01 


6.090+0. 165£;. 

Red -color value 

.972 

.300 

1.22 

1.01 

T= 1.0620-0.709 C... 

T=6.490+0.1610C. 

Rotenone.- 

.877 1 

1 

-.832 

2.47 

.64 

1.471+1.7301?-..- 

18.160- 1.920i?. 


1 For the derris samples correlation coefficients were highly significant (1-percent level) in all cases, but for 
the lonehocarpus samples they were not significant. 

2 The regression coefficients of the equation were significant at the l-percent level for the derris samples, 
but not significant for the lonehocarpus samples. In these equations toxicological rotenone equivalent, 

red-color value, jB= total chloroform extractives, and JJ=rotenone. 


The regression lines between the rotenone equivalent of the derris 
samples and the rotenone content, red-color value, and total chloroform 
extractives, were plotted (fig. 1) from values obtained from the equa- 
tions presented in table 4. It is evident from these graphs that the best 
agreement with rotenone equivalent is obtained with total chloroform 
extractives, and the next best with red-color value. 


Table 4. — Comparison of biological rotenone equivalent of 8 derris samples with 
that calculated from total chloroform extractives, red-color value, and rotenone 
content 


Sample 

Variety 

Rote- 

none 

Total chloroform 
extractives 

Red-color value 

Rotenone 

No. 

equiva- 
lent ‘ 

. 

-Actual 

Calcu- 
lated 2 

Actual 

Calcu- 
lated 2 

Actual 

Calcu- 
lated 2 

D~1 

Changi No. 3, MG done 

Percent 

18.7 

Percent 

22.3 

Percent 

18.4 

Percent 
IS. 2 

Percent 

18.6 

Per c mi 
10. 0 

Percent 

•lvS.8 


Sarawak Creeping ... 

15.7 

16.8 

13. 7 

13.5 

13.6 

5,7 

11.3 


do 

13. 1 

16 4 

13 3 

12.7 
13. 5 

12. S 
13. 6 


10.8 
14. 1 


Changi No. 3, MG clones. 

12.2 

16.6 

13. 5 

7.3 


Changi No. 3, P, R. clones . . 
Sarawak Creeping ... 

9.4 

12.4 

9.8 

10. 2 

10. 1 

5. 3 

10. 6 


8.5 

12.6 

10.0 

9.9 

9,8 

,5.3 

10. 6 

D-7....: 

Changi No. 3, P. R. clone.. . 

6.3 

7.8 

5.8 

6.3 

6. 0 

; 3.7 

7.9 

i 

St. Croix 

4.7 

5.9 

4.2 

4.6 

! 4.2 

1 1.8 

4.6 


» Determined biologically on houseflies. 

2 These values are rotenone equivalents calculated from the respective regression equations. 


It is interesting to note that if the regression line between rotenone 
equivalent and rotenone (fig. 1, A) is projected until it intersects the 
abscissa axis a hypothetical root is found with some toxicity and no 
actual rotenone content. Actually, such a root has been reported by 
Pepper and Filmer {9 ) , who found that a simple of Derris malaocensis 
root had only a trace of rotenone but relatively high toxicological value. 

This is additional evidence that at least with derris roots the rotenone 
content is not a dependable criterion of the insecticidal value of the 
roots. When the regression line obtained between red-color value and 
rotenone equivalent was projected (fig. 1, , it intersected the ordi- 

nate axis, indicating that a hypothetical case may be found in which 
there is some red-color value but no toxicity. No instance of this 



TOTAL CHLOROFORM 

EXTRACTIVES (PERCENT) RED-COLOR VALUE (PERCENT) ROTENONE (PERCENT) 




202 Joimial of AgTicultuTal Resem'ch voi. 7s, No. i 


sort lias been reported for derris, but Acree et al. (i) ^ found that 
AmorpJia frutwosa L. gave a red color but did not contain rotenone. 
Likewise, Norton and Hansberry (7) isolated a nontoxic rotenoidlike 
coinpoiind from yam beans {Pcwhyrhizus erosus (L.) Urban) which 
gave a positive reaction to the Goodhue red-color test. Apparently, 
tliere may be substances in some roots that give the red-color test but 
have no toxicological value. When the regression line obtained with 
total chloroform extractives wnis projected (fig- 1, CO, the line inter- 
sected the origin. This fact furnishes further evidence that total 
chloroform extractives are a better criterion of toxicity than red-color 
value or rotenone. This finding is in agreement with that of Ebeling 
et al- (S) , who showed that the complete extractives were a more efiec- 
tive insecticide than equal concentrations of either the rotenone or the 
rotenoiie-free extractives used by themselves. 

Table 4 shows a comparison between the toxicological rotenone 
equivalent of some derris samples and the values obtained from the 
regression eciuation of each of the chemical criteria. It is evident 
from this table that rotenone is the least accurate criterion of toxicity. 
The values for rotenone varied as much as 65 percent from the rotenone 
equivalent as determined biologically. Total chloroform extractives 
and red-color value were more closely in agreement with the toxico- 
logical value. The former varied as much as 17 percent and the 
latter np to 13 percent from the I'otenone equivalent. If these devi- 
ations are compared -with the error of the biological method, which in 
some cases was as high as 0 percent, they cannot be considered 
excessive. 

There was no statistically significant correlation or regression be- 
tween the rotenone equivalent and any of the constituents studied in 
lonchocarpus roots. The correlation and regression between rotenone 
and rotenone equivalent was almost negatively significant with a value 
of 0.832. For significance at the 5-percent level the correlation 
coefficient should be 0.878. 

Although there was no significant regression bet’ween toxicological 
rotenone equivalent and any of the chemical values, regression equa- 
tions were calculated and regression lines plotted. It can be seen 
from figure 2 that total chloroform extractives and red-color value do 
not fit the line closely. However, rotenone is in good agreement with 
the regression line. This indicates that rotenone, although it cor- 
relates negatively, is the best indication for toxicity in lonchocarpus 
roots. But in view of the small number of samples used this conclu- 
sion can only be regarded as tentative. 

In table 5 are presented for comparison the toxicological rotenone 
equivalent of the lonchocarpus samples and the values calculated from 
the regression equation of each of the chemical criteria. The least 
deviation from rotenone equivalent is found in the values calculated 
from i‘otenone (11 percent) followed by those froni total chloroform 
extractives (13 percent) and red-color value (14 percent). 
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ROTENONE EQUIVALENT (PERCENT) 

PmuKE 2. — Plot of regression lines between rotenone equivalent and rotenone 
content (4), red-color value (B), and total cliioroform extractives (G) of five 
loncliocarpus samples. 

Table 5. — Compariso7i of Mological rotenone equivalent of 5 JoncJiocarpus sam- 
ples with that calculated from rotenone content, red-color value, and total 
chlorofm'fn ewtractives 


Sample 

No. 

Variety 

Rote- 
none 
equiva- 
lent 1 

Rotenone 

Red-color value 

Total chloroform 
e.\tractives 

Actual 

Calcu- 
lated 2 

Actual 

Calcu- 
lated 2 

Actual 

Calcu- 
lated 2 

L-1 

L~2 

L-3 

L-4 

L-5 

Z. utilfs... 

do 

do 

Z. chrysophyllus.. 

- — do 

Percent 

9.0 

8.5 

7.7 

6.8 
6.7 

Percent 
4. 7 
5.5 
5.4 

5. 7 

5.8 

Percent 

9. 1 
7.6 
7.8 

7.2 
7.0 

Percent 

S.S 

6.4 

10.6 

6.2 

7.0 

Percent 

7.9 

8^2 

7.5 

7.6 

Percent 
12. 4 
8.3 
14.0 

7.7 

7.8 

Percent 
S. 1 
7.5 

8.4 

7.4 
7.4 


» D^itermmed biologically on houseflies. 

2 These values are rotenone equivalents calculated from the respective regression equations. 


DISCUSSION AND CONCLUSIONS 

Insofar as the results presented here are applicable to field coiidi- 
tioiis ill general, it is evident that rotenone content is not an accurate 
indication of the toxicological value of derris roots. It is a well- 
established fact that rotenone is an efiicient and versatile insecticide, 
but it is also apparent that it is onljr one of several, constituents in der- 
ris roots which are capable of killing insects. The best criterion of 
toxicity would appear to be one which would measure not only rote- 
none but the other toxic constituents as well. The red-color value 
seems to correlate more closely with rotenone equivalent than rote- 
none content alone because it includes such rotenoid type eompounds 
as deguelin. However, since there may be other toxic substances 
in the root which do not give the red-color test, this criterion in some 
instances may not indicate the total toxicological value of the roots. 
The red-color value has the added disadvantage, as pointed out pre- 
viously, of requiring special equipment and also rather exacting con- 
ditions. On the other hand, total chloroform extractives are very 
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simple to deteriiiine- and require a minimum of time and equipment. 
In addition to tliis, tlie total chloroform extractives appear to be 
the most accurate criterion of toxicity of derris roots. This a}3pareiitly 
is because, alh or almost all, of the insecticidal^ constituents of 
derris roots are soluble in chloroform and, therefore, are readily 
extracted by this solvent. Since vcaxes, resin, ancl other plant mate- 
rial iiiay dissolve in chloroform it is not surprising that the value 
for total chloroform extractives as such is usually somewhat higher 
than that of the rotenone equivalent as determined biologically. 
However, from the correlation coefficient obtained it is apparent that 
the ratio of the nontoxic constituent of the derris root to the toxic 
coiistituents is fairly constant and thus the total ehlorform extractives 
multiplied the appropriate factor give a good indication of the 
insecticidal value of the roots. The factor calculated from the eight 
available derris samples was 0.78. 

In the case of lonchocarpus, neither the total chloroform extrac- 
tives nor the red-color value appears to be a very good criterion 
of toxicity, whereas rotenone content, although it correlates nega- 
tively witii toxicological value, seems to be more indicative. How- 
ever, since the number of samples available for comparison is rela- 
tively small, this may not always be the case. 

Although both LonchocarjMs and Derris contain rotenone, they 
are two distinct genera and apparently have different toxicological 
effects on insects. The data presented in this paper strongly suggest 
that they should be evaluated and treated separately. 

SUMMARY 

The data presented furnish additional evidence that rotenone con- 
tent is not an accurate indication of the toxicological value of derris 
roots. ' 

The red-color and the transmittance values give a good indication 
of the toxicity of derris root, but they have the disadvantage of re- 
quiring a spectrophotometer and special technique, and thus are not 
suitable for rapid assays. 

The percentage of total chloroform extractives appears to be the 
simplest and most accurate criterion for estimating the toxicity of 
derris roots. In the eight derris samples tested the toxicity (rotenone 
equivalent) was 0.78 of the value for total chloroform extractives. 

In the case of lonchocarpus root, neither the total chloroform ex- 
tractives nor the reel-color or transmittance values appear to be very 
good criteria of toxicity. The rotenone content, although negatively 
correlated with toxicological value, seems to be more indicative. 

The results of these laboratory tests and of those from practical 
field trials strongly suggest that derris and lonchocarpus roots, al- 
though they both contain rotenone, should be evaluated separately. 
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TRISTEZA DISEASE OF CITRUS ^ 

By C. W. Bennett, formerly 'principal pathologist, Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Enymeer-- 
mg, Agricultural Research Administration, United States Deparirnent of Agri- 
culture, and A. S. Costa, pathologist, Instituto Agronomico of State of Sdo Paulo 
Brazil ^ ■ . > 

INTRODUCTION 

Tristeza, a serious citrus disease that occurs in all the major citrus- 
growing districts of Brazil, Argentina, and Uruguay, now seems similar 
to or identical with serious disorders of sweet orange (Citrm sinensis 
(L.) Osbeck) on sour orange (0. aumntmm L.) rootstock reported 
from the Union of South Africa, Java, Australia, and southern Cali- 
fornia.^ Methods of transmitting this disease and the susceptibility 
of various species and varieties of citrus were studied cooperatively 
in Campinas, Brazil, from 1946 to 1948, symptoms of the disease were 
observed, and the methods of control tried in Brazil were evaluated. 
The results of these studies, preliminarily reported in 1947 (7) , are 
given herein, together with the history of the disease, the causes 
assigned to it, and a discussion of scion-stock relation to the disease 
and the possibility of virus strains. 

HISTORY AND CAUSE OF TRISTEZA 

The effects of the disease now known as tristeza in Brazil and as 
podredumbre de las raicillas in Argentina and Uruguay probably 
have been faiown for more than half a century. However, only after 
the appearance of the disease in the citrus-producing areas of Argen- 
tina and Brazil, where it caused heavy losses to the citrus industries, 

1 Received for publication July 26, 1948. Part of a cooperative study between 
Instituto Agroii 6 mi CO and Division of Fruit and Vegetable Crops and Diseases. 
The study is being continued by Theodore J. Grant, Division of Fruit and Vege- 
table Crops and Diseases, and the junior author. One important phase of the 
work will be the testing of all available varieties and species of citrus and citrus 
relatives for susceptibility to infection and to injury by tristeza when they are 
used as rootstocks for sweet orange, grapefruit (Citrus paradisi Maefad.), and 
other citrus types of commercial importance. 

2 The writers are greatly indebted to Jos6 Pio Nery, chemist, Instituto Agro- 
n6mico, for making starch determinations for some of the experiments; to the 
Bureau of Entomology and Plant Quarantine, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture, for identification of the leafhoppers 
except Agallia albidula Uhl. used in transmission tests; to R. C. Dickson, Univer- 
sity of Galifornia Citrus Experiment Station, for identification of the aphids; and 
to Silvio Moreira, chief of the Department of Horticulture of the Instituto Agro- 
n6mico, for use of certain unpublished data and for the privilege of making obser- 
vations on the variety collections and rootstock tests at the Citrus Experiment 
Station near Limeira (Esta^ao Experimental de Citricultura de Limeira) and for 
many other kindnesses during the course of these studies. 

3 Italic numbers in parentheses refer to Literature Cited, p. 236. 
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was it recognized as a distinct disease. Not until its potentialities 
for causing destriictioii were fully appreciated were extensive efforts 
made to determine its nature and control. 

The disease appears to have originated in the Union of Soiith Africaj 
supposed!}^ in some plant native to that country. Early in the de- 
velopment of the citrus industry there, it was found that varieties 
of sweet orange did not thrive when grafted to sour orange and soon 
sour orange was abandoned as a rootstock {So). Later, efforts to 
reiiitrodnce sour orange as a rootstock met with failure. Trees of the 
scion-stock combinations adopted for general use, largely sweet orange 
on rough lemon (Citrus limmi (L.) Burn, f.), showed no injury, although 
there is now reason to believe that the causal agent of the disease 
persisted in the citrus groves and that infected material was carried 
to other parts of the world, thus establishing new centers of the 
disease. 

A disease similar to the South African trouble was noted in Java in 
1928, when efforts were made to use sour orange as a rootstock for 
varieties of sweet orange (83), 

Tristeza was discovered in iVrgentina in 1930 or 1931 (9, 10). It 
was found in the Paraiba Valley of Brazil about 1937 (J) and was 
observed in Uruguay in 1940 (3). 

In 1939 a similar disease was found in a citrus grove in California 
(12). Apparently on account of the rapid decline of affected trees 
in the first plantings in which it was observed, this disease was called 
quick decline. 

A disease, designated as bud-union decline, which caused decline 
and death principally of trees of sweet orange and gi*apefruit on sour 
orange rootstock was observed in Victoria, Australia, in 1941 (16). 
By 1947 it had caused considerable damage to the citrus industry of 
that State.. 

For many years the failure of trees of sweet orange on rootstock of 
sour orange to thrive in the Union of South Africa was considered to 
be due to a type of incompatibility between stock and scion. The 
same condition or a similar one discovered in Java was considered by 
Toxopeiis (33) to be due to a type of scion-stock incompatibility in 
which the sweet orange scion produced a substance toxic to the sour 
orange stock. After tristeza was discovered in South America, many 
theories were put forth to explain the effects produced. These inclucie 
scion-stock incompatibility, soil acidity, various types of nutrient 
deficiencies, soil toxins, high soil-moisture content, prolonged dry 
periods, nematode infestations, pathogenic organisms, and infection 
by a virus. 

Bitancoiirt (5) stated that, as a result of observations made on 
podrediimbre de las raicillas in the Province of Corrientes, Argentina, 
in 1937, he and Fawcett had suggested that one of the possible causes 
of the disease might be a virus latent in the sour orange and injurious 
to the sweet orange top. In the same paper Bitancourt explained 
that the most acceptable hypothesis as to the cause of the disease is 
that an infectious agent is involved. In 1943 Webber (5J) proposed 
the hypothesis that the disease is caused by a virus latent in sweet 
orange but lethal to sour orange and that regularly and normally the 
foliage of sour orange and lemon produces some product that inhibits 



April 15, 1949 


THstem Disease of Citrus 


209 


the action of the virus. In 1944 Bitancourt (7) presented the theory 
that the disease is caused by a virus which is latent in the sweet orange 
and from which the sour orange is completely immune. 

The first experimental evidence supporting the hypothesis that 
tristeza is caused by a vhus was obtained by Ivleneghini { 18 ), who 
reported in 1946 that the disease is transmitted by an aphid. The 
vector was identified tentatively as Aphis imwesiDA Guercio; but 
probably it is more properly called A, cilricidus (Kirk.), for which ^4. 
iamresi and A. ciiricola Van der Goot appear to be synonyms. In 
1947 Bennett and Costa (1) reported the confirmation of ]!vleiieghim’s 
transmission results with A. citricidus. They reported also trans- 
mission of the disease in greenhouse and field tests in which buds and 
twigs from diseased trees 'were grafted to sweet orange plants. 

Fawcett and Wallace {13) in 1946 and Wallace and Fawcett (34) 
in 1947 reported transmission of quick decline in California by buds 
from diseased trees, and Oberholzer {21) in 1947 reported results 
indicating bud transmission of the disease that causes failure of trees 
of sweet orange on sour orange rootstock in the Union of South Africa. 

It now seems well established that tristeza in Brazil is caused by a 
virus that is transmitted by the oriental citrus aphid {Aph is ciiricidus). 
At certain seasons this aphid is found in abundance on citrus trees 
in southern Brazil. It occurs also in Argentina and Uruguay; and, 
according to Takahashi {31, p. 47), it has been reported from Japan, 
China, India, Java, Sumatra, Ceylon, Hawaiian Islands, South 
America, and Africa. Apparently it has not been found in the United 
States. 


ECONOMIC IMPOETANCE AND SPREAD OF TRISTEZA IN INVADED 

AREAS 


The spread of tristeza in South America, as described by several 
investigators {2, 7, S, 20), has been relatively rapid. The disease 
probably now occurs in all the major citrus-producing areas of Brazil, 
Ai’gentina, and Uruguay. In about 18 years it has killed or rendered 
of little commercial value a high percentage of the orange trees on 
sour orange rootstock in these countries. 

In the State of Sao Paulo, Brazil, the disease spread in about 12 
3 ^ears to all the citrus-producing areas, infecting and destroying up- 
ward of 6,000,000 trees, or about 75 percent of the orange trees of the 
State. 

The spread of the disease within groves also has been rapid after it 
became established. For more than 6 years Moreira ^ followed the 
spread of tristeza in a grove of 2,606 trees of the variety Bahianinha 
on sour orange rootstock, located at the Estagao Experimental de 
Citricidtura de Limeira, and obtained the following results: 

Trees affected with trisieza 


Date of observation : 
November 28, 1942 
October 8, 1943.. . „ 
J an liar y 4 , 1945 . _ _ 
January 10, 1946-_ 
January 19, 1948_ _ 


Number 

Percent 

308. 

n. 8 

508 

19. 5 

1,435 

55. 1 

1,890 

72. 5 

2, 606 

I00.„0 


^ Unpublished informationlmade available to A., 'S. Costa by SllviO; Moreira. 
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111 most groves of sweet orange on sour orange rootstock affected with 
tristeza large numbers of trees have died after a few years. , However, 
in, many iiistaiices factors other than tristeza probably are important 
in the short life of the affected trees. Diseased groves soon become 
unprofitable and are abandoned. The diseased tices then suffer from 
weed competition and general lack of care, which contribute materially 
to the rate of decline. This is indicated by the observations of 
Moreira in the grove at Limeira already mentioned, where, after more 
than 6 years during which the trees had good care, only 15.5 percent 
of the trees had died; at the end of the period, however, none of the 
trees had commercial value. 

SYMPTOMS OF TRISTEZA 

The first evidences of tristeza in older orange trees usually are a 
partial to almost complete suppression of new flushes of growth and 
the production of various types of leaf discolorations. The first symp- 
toms may appear on only one branch, but often a greater part of the 
tree is involved. Older leaves become dull or slightly bronzed at 
first ; later they may take on various shades of yellow, the amount of 
yellowing apparently depending on environmental conditions and on 
the variety involved. The Barao variety of sweet orange appears to 
be more subject to leaf yellowing than some other varieties. Yellowing 
may occiii' uniformly over an entire leaf, or it may be more conspicuous 
in some parts than in others; often it is more intense in the midrib or in 
the midiib and lateral veins. Occasionally diseased leaves tend to 
stand upright. Diseased trees with yellow leaves are conspicuous for 
considerable distances. 

Soon after leaf discoloration begins, the older leaves at the base of 
the twigs begin to fall. Usually leaf fall continues progressively to- 
ward the tip until many of the twigs are defoliated or have only a few 
of the younger leaves remaining. In many cases abscission takes 
place between the petiole and the leaf blade, the- petiole remaining 
attached to the twig for a time after the blade has dropped. As leaf 
fall continues, the limbs of the tree become exposed. Weak shoots 
begin to grow out of axillary buds, mostly in a vertical position; 
these shoots produce small leaves, paler than normal ones and some- 
times with yellow midribs. Limbs begin to die back from the tips, 
and more weak shoots are produced from the main limbs and trunk. 
After a tree has shown symptoms for 2 to 3 years, in most cases nearly 
all the smaller limbs are dead and the tree is devoid of foliage except 
for a few weak shoots on the main limbs and trunk. Under average 
conditions twig growth usually becomes weaker each season until the 
tree dies. Some trees look, however, as if they might remain alive 
indefinitely, with a reduced number of weak shoots. 

Decline, however, does not follow this general pattern in all cases. 
Some trees collapse quickly, but such collapse appears to be relatively 
rare. Others decline slowly and finally reach a stage at which they 
produce sparse foliage, more or less normal in color, relatively few 
blossoms, and light crops of fruit of inferior quality. Some affected 
trees seem capable of persisting indefinitely in this state of reduced 
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Diseased trees have a tendency to blossom heavily in the earlier 
stages of attack and usually set heavy crops of fruit. When such 
fruits begin to take on color ^ they are more conspicuous than those on 
healthy trees, partly because of the smaller 'amount of foliage on the 
diseased trees. 

Trees with symptoms of tristeza in the tops also show severe root 
injury. There is a marked depletion of starch in the earlier stages in 
the rootlets and later in the larger roots. First the rootlets die and 
decay, and later the injury extends to the larger roots until the capacity 
of the tree to take up water and mineral nutrients is greatly impaired. 
In general, top symptoms on larger trees are those that may be pro- 
duced as a result of root injury. 

Bitancourt (7) found also that in diseased trees there is evidence of 
a, greater concentration of starch in the outer bark of the sweet orange 
scion immediately above the graft union than in the outer bark of the 
sour orange stock. Rossetti {25) found this condition to prevail in 
most of the healthy-appearing trees as well as in obviously diseased 
ones of susceptible scion-stock combinations at the Esta^ao Experi- 
mental de Citricultura de Limeira. It has not been determined, how- 
ever, that starch concentration in the bark can be used to detect in- 
fection well in advance of the production of symptoms in the foliage. 

Starch depletion from the roots and accumulation in parts of tlie 
tops of trees appear to be associated with necrosis in the phloem, shown 
by Schneider, Bitancourt, and Rossetti {29) to occur in the l3ark of 
diseased trees in the region of the bud union. A similar type of 
necrosis in trees affected with quick decline was described by 
Schneider {27). 

It has not been feasible as yet to determine the incubation period of 
the disease on larger trees. On young trees in nursery rows symptoms 



FiotjRE L— Orange variety Babianinha on sour orange rootstock photographed 
10 months after inociilation: A, Koninoculated (cheek) trees (first five in row); 
B, trees inoculated by insertion of buds from diseased sweet orange trees (first 
five in row). 
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have been observed ocemTing naturally 18 months after budding. 
Trees 1 to 2 years old may produce symptoms 4 months afteimnocu- 
lation, and small plants in pots produce yellow leaves in periods as ' 
short as 30 da^-s. Symptoms in small trees vary greatly, but usually 
affected plants are somewhat unthrifty in appearance and the leaves 
range in color from slightly more dull than normal to yellow. Dis- 
eased trees may blossom and set a crop of fruit the first year after 
being transplanted from the nursery (fig. 1). S 3 miptoms on young 
trees are described, in greater detail on pages 213, 217, and 219, 

TRANSMISSION OF TEISTEZA 

Attempts were made to transmit tristeza of citrus to nursery-grown 
orange trees, to small potted sweet orange trees on sour orange root- 
stock in the greenhouse, and to various other species of plants, mostly’ 
annuals, that were readily available. Methods of transfer included 
grafting and budding from diseased to healthy orange trees, inoculation 
with juice from diseased orange trees, training dodder from diseased 
to healthy plants, and infesting plants with various species of insects 
found to feed on affected trees. 

INOCULATION OP NURSERY-GROWN TREESIBY BUDDING 

In the first test of transmission of tristeza to trees in the field, 20 
trees of Bahianinha sweet orange on sour orange rootstock were 
selected from a nursery near Limeira and planted in plots at Campinas 
on October 31, 1946. Ten of these plants were inoculated on Novem- 
ber 20 by inserting 2 buds from diseased trees in each. The trees were 
reinoculated on December 18. The remaining 10 trees were held as 
checks. Because these trees came from an area where tristeza was 
prevalent, some of them may have been infected naturally before 
inoculation. 

One of the check trees began to produce yellow leaves in mid- 
January and showed other symptoms characteristic of tristeza. By 
Jime 1, 1947, the 10 inoculated trees and 3 of the cheek trees showed 
rather marked symptoms of tristeza. All the diseased trees blos- 
somed, and 9 of the 10 inoculated trees set fruit which matured in 
early' September (fig, 1, B), All the inoculated trees and the 3 
diseased check trees blossomed heavily again in August and early 
September. By October 1 the 7 healthy-appearing check trees were 
considerably larger than the inoculated trees, had normal green 
foliage, had blossomed sparsely, and had set no fruit. By March 
30, 1948, 1 of the 10 inoculated trees had died; 9 were markedly 
stunted in comparison with the check trees, but 8 of these showed 
some degree of recovery in the leaves. Of the 10 check plants, 4 
showed some stunting without chlorosis and 1 of the larger trees was 
beginning to produce cliloro tic leaves in which vein yellowing was 
evident. 

In a second test 5 to 25 trees of each of 11 varieties of sweet orange 
budded on sour orange rootstock which had been obtamed from a 
nurseiy near Santa Kita during the early part of December 1946 were 
planted ill plots at Campinas (table 1), At the time the trees were 
selected tristeza was beginning to appear in some of the commercial 
groves at Santa Rita, but since the majority of the citrus trees appeared 
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liealtliy it was hoped that most of the voiiiig trees selected would 
prove to be' free of infection. At least half of the trees of each .variety 
were inoculated by insertion of 2 buds from diseased, trees into each 
tree on Januai^y 18, 1947, and were reinoculated with the sa,me number 
of buds on April 9. There was a high mortality in the buds of the 
first .inoculation, but those of the second survived reasonably well. 
No buds were inserted into the check trees. 

Table 1. — Res'ulfs of moculating nursery trees of sweet orange on sour orange foot- 
stock hy means of buds froyn diseased trees, Campinas, Brazil, 194^-47 


[Test 1: Trees planted Oct. 31, 1946, inoculated Nov. 2CJ by insertion of 2 buds from diseased trees into each 
tree, and reinoculated Dec. 18 with buds from sa.me source. Test 2: Tre*es planted daring first week of 
December 1946, inocuialed Jan. IS, 1947, and reinoculated Apr. 9. Results recorded Oct, 1, ISM7j 


Test and variety ^ 

Trees in- 
oculated 

Inoculated 
trees diseased 

Check trres 

Cheek trees 
diseased 

Test 1: 

Number 

Number 

\Number 

A"« mber 

.Babianiiiha,., 

10 

10 

10- 

3 

Test 2: 





Abacaxi 

5 

0 

5 

0 

Bahianiiiha 

5 

5 

0 


Barao ! 

! 15 i 

10 1 

10 i 

0 

Campista.- 

: 5 

5 i 

5 ! 

0 

Coroii,ei-.-. .....i 

, 5 

5 

i 5 i 

1 

Lima 

. 0 

4 ■ 

; 5 I 

0 

Mangaratiba 

5 

3 

; 5 1 

0 

Pariiaso-- 

i .5 

5 

i 5 ^ 

i 0 

Pera do Rio : 

j 10 

9 

1 10 

i 0 

Seleta 

I 1.5 

^ 13 

j 10 

0 

Serrana 

1 5 

1 

5 

. 0 


1 Varieties are listed by the names under which they were received from the nursery. Thf.'se trees 
inspected in early 1948 by Silvio Alorelra, and it is his opinion that the varieties labeled Coronei and Lima 
are Laranja Serra Dagiia and Serrana de Llmeira, respectively, and that the variety labeled C' amp is t a is 
Laranja Coco. 


By the fii’st of Alay, or about 3)2 months after the 'first inocnlation, 
some of the inoculated trees of the variety Barao began to show an 
abnormal coloration of older leaves, consisting chiefly of a dull appear- 
ance with a suggestion of vein yellowing. About a month later some 
of the inoculated trees of the variety Seleta began to show abnormal 
coloration of the foliage. Symptoms considered to be caused by 
tristeza appeared in other varieties, and by October 1 most of the 
inoculated trees of all of the varieties except Abacaxi appeared to be 
diseased (table 1)* Abnormalities consisted chiefly of a certaiii 
degree of dullness of the older leaves and of various types and degrees 
of yellowing of the foliage including some vein yellowing. As symp- 
toms increased in severity the plants became slightly stimtecl, new 
growth was partially suppressed, and many of the diseased trees 
blossomed heavily. 

Leaf cast occurred to some extent on some of the trees of the varieties 
Barao and Mangaratiba, and it was especially heavy on all the inocu- 
lated trees of the variety Coronel (fig. 2). There was considerable 
variation among the varieties in the degree and type of yellowing of 
the foliage. Vein yellowfing was more evident in mature leaves of the 
variety Barao than in those of other varieties. Some vein yellowing 
was evident also in the leaves of the Mangaratiba, hut the most out- 
standing characteristic on this variety was the rather uniform yellow- 
ing of the leaves on some of the younger shoots. Leaf dropping was 
foflowed by the production of short, %veak shoots along the main 
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Figuke 2. — Young orange trees of the variety Coronel on sour orange rootstock 
planted in field at Campinas, Brazil, during the early part of December 1946 
and photographed about 7 months after inoculation: A, Tree inoculated by 
insertion of buds from diseased sweet orange trees on January 18, 1947; 
noninoculated (check) tree. 

limbs. Except for one tree of Coronel, which lost many of its leaves, 
blossomed heavily, and was obviously diseased, none of the check 
trees showed symptoms characteristic of tristeza at the time of these 
observations. 

Tests were made at intervals on inoculated and noninoculated 
groups of plants of this experiment by Bitancoiirt’s method (7) to 
determine the relative amounts of starch in the outer bark of the sweet 
and the sour orange in the vicinity of the graft union. In some cases 
results of the starch test correlated reasonably well with the conditions 
of the tops, but in most cases they were erratic. By the method sug- 
gested by Fawcett (11) for quick decline, tests w’^ere made to determine 
starch content of the roots of all the trees of this experiment about 6 
months after inoculation and about 2 months after some of the trees 
had begun to show symptoms of the disease in the tops. No marked 
evidence of starch depletion was observed in the roots of inoculated 
plants at that time; however, it is presumed that starch depletion will 
take place in these plants as the disease progresses. 

Iodine tests made about 6 months after inoculation indicated that 
leaves of inoculated plants had more starch than those of noninocu- 
lated plants. Starch determination® showed that in two samples 
of Bahianinha leaves the starch content averaged 0.742 and 0.346 per- 
cent, respectively, for inociilated and noninoculated trees and in three 
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samples of Seleta leaves, 1.192 and 0.607 percent, respectively, for 
inoculated and noiiiiiociilated trees. One determination gave 0.920 
arid 0.373 percent starch, respectively, in leaves of girdled and iioii- 
girdled limbs of a heal thy Bahianinha tree, indicating that starch 
accumulation in the leaves of girdled healthy twigs may Ire of about 
the same order as that in diseased orange .ti*ees in certain stages of 
disease. Discoloration of the leaves of the girdled branches was more 
or less similar to that of leaves of some of the inoculated trees in this 
test. 

INOCULATION OF GREENHOUSE PLANTS 

An extensive series of inoculation tests was made in greenhouses 
screened to give a considerable degree of protection ag'aiiist insects. 
Most of the inoculations were made on small, rapidly growing, potted 
plants of sweet orange on sour orange rootstock. The plants used in 
these tests were obtained by grafting sweet orange seedlings on sour 
orange seedlings, by a method -already described (f), when the respec- 
tive seedlings were 6 to 10 cm. tall. 

J UICE I NOCULATIO NS 

Succulent tmgs from badly diseased trees of sweet orange on sour 
orange rootstocks were selected to serve as sources of iiioculiim for 
juice inoculations. The twigs were ground in a meat chopper, and the 
sap was extracted from the macerated leaf and twig material with a 
small press and used immediately. Inoculations were made by first 
sprinkling the plants with an abrasive and then rubbing the leaves 
with a cloth pad saturated with inoculum. 

In 1 experiment 40 vigorously growing orange plants about 15 cm. 
tall were inoculated. None of these plants showed symptoms of 
tristeza after 4 months. The 40 check plants also remained healthy. 
In a second experiment several methods of mechanical inoculation 
were employed in inoculating 50 small plants of the variety Barao on 
sour orange rootstock, but none of these and none of the 50 check 
plants of this test showed evidence of infection. 

In addition, 67 species and varieties of plants of various types were 
inoculated in an effort to find a plant susceptible to infection by juice 
iiioculatiori. Most of these species were annuals grown in pots from 
seeds. Twenty-five or more plants. ' of most kinds were inoculated 
when relatively small and growing rapidly. No symptoms considered 
to be caused by the vims of tristeza ■ were observed on any of these 
plants.' ■ , , 

Tests for Dodder Transmission 

During the .past few years several viruses have been transmitted by 
dodder {Cuscwta spp.). This method of transmission has been par- 
ticulmiy successfiil with vimses that cause yellowing or leaf ciirhiig 
and that appear to have a close association with the phloem of the 
host plant. Evidence of pHoem collapse presented by Sclmeider, 
Bitan court, and Eossetti (SB) suggests/ tlxat tristeza may be caused 
by a virus of thtis type, but this evidence alone is not suflGLcient to 
justify final conclusions. ■ 

, 831471^9 2 
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Five species of dodder {Cuscuta americana L., C. cafnpestrisY iinckei% 
0. mdecora Clioisy^, C. siihmclusa Diirand and Hilgmvl, and Cuscuta sp. 
collected near Caiiipinas) were- used in transmission tests. ^ illl these 
except C. €a7yipe8tris . grew well on orange trees. In the inoculation 
tests the dodder was first established on succulent shoots of diseased 
orange trees growing in barrels in the gi’eenhouse. At intervals over 
a period of about 7 months stems of dodder were trained from the 
diseased trees to healthy plants of various kinds. After about 7 days 
the stems connecting the diseased trees with the inoculated plants 
were broken. The inoculated plants were kept under observation for 
several months. The species and varieties of plants inoculated and 
the results obtained are presented in table 2. 


Table 2. — Besulfs of attempts to transmit tristeza virus by training dodder from 
infected orange trees and allounng it to become established on healthy plants of 
various kinds 


Species of dodder 
( Cmcuta) tested 

Plant inoculated ^ 

Plants in- 
oculated 

Plants in- 
fected 


f Citrus sinensis (sweet orange) --J 

Number 

20 

Number 

0 


Daucus carota L. (carrot) ! 

13 

i ' ^ 


Datura stramonium L. (jimsonweed) 

12 

' 0 


Euphorbia prunifolia Jacq. (amendoim bravo) 

6 

0 

C. amerkana.. 

Lycopersicon esculeMum Mill, (tomato) ! 

10 

0 

\ Nkotlana glauca Graham (tree tobacco) - 1 

Nkotiana glutinosa L.. : 

4 

5 

0 

0 


Nicotiana tabacum L. (tobacco, var. Turkish) 

10 

0 


Phytolacca amerkana L. (pokeweed) 

14 

0 


^Sida rkombifoUa L 

5 

0 

C, c&mpistris 

Citrus siriensis (sweet orange) . 

11 

0 


f-.-do ----- 

?0 

0 


Lycoperskon esculentum (tomato)^.. 

16 

0 

iTidecora.. 

'I Nkotiana glauca (tree tobacco) - - 

6 

0 


\ Phytolacca americana (pokeweed) _-t 

8 

0 


[Vinca rosea I,, (periwinkle) 

15 

0 

C. subindvsa.. 

Citrus sinensis (sweet orange) ! 

20 

1 


(Beta pateUaris Moq 

19 

0 


Citrus sinensis (sweet orange) - . . — _ - 

20 

1 (?) 


Daucus carota (carrot) 

14 

0 


Lycoperskon esculentum (tomato) ' 

20 

0 

Cmcuta sp. 

^ N’kotiana glutinosa - 

11 

0 

\ Nkotiana tabacum (tobacco, var. Turkish) ! 

9 ; 

0 


Phytolacca americana (pokeweed)-. ^ 

12 

0 


PhysaUssp. (S-51) - 

20 

0 


Ph ysalis sp. f S-92) 

6 

0 


,Vmca rosea (periwinkle) 

6 

0 


J All plants of Ciirm slnemk wexe on sour orange rootstock. 


None of the noncitrus plants used in these tests showed evidence of 
disease. However^ one of the sweet orange plants on which Cuscuta 
subinclusa was established developed yellowing and stunting typical of 
plants affected with tristeza. Viius was transmitted from this plant 
to other orange plants by means of Aphis citricidus. Also one sweet 
orange plant on which Cuscuta sp. was established began to produce 
yellow leaves after about 2 months. Yellowing was still evident after 
3 months and the plant was stunted, but no attempts were made to 
recover tristeza virus. Of 20 check plants of sweet orange on which 
dodder {Cuscuta subindusa, 10 plants; sp., 10 plants) from 

healthy orange plants was established, none showed symptoms of 
tristeza after 6 months. 

Further tests with larger numbers of plants are needed before 
definite conclusions may be drawn regarding transmissibility of the 
tristeza virus by dodder. However, the available evidence indicates 
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that the virus niaj be transmissible to a low .percentage of sweet 
orange plants by eertaiii species. Transmission to a low percentage 
of plants or to no plants would indicate that dodder is not a host of 
the tristeza virus. 

Tbans.mission by Tissue Union 

Attempts were made to transmit tristeza to small potted plants of 
sweet orange on sour orange rootstock by means of buds and twig 
grafts. In the attempts to transmit the disease by budding, vigorously 
growing plants 30 to 60 cm. tall were inoculated by inserting one small 
bud from a diseased plant in the sweet orange scion of each healthy 
plant a short distance above the graft union with the sour orange root- 
stock. Of 40 plants inoculated with buds in this manner, 15 later 
showed symptoms characteristic of tristeza; whereas, 40 plants of the 
same lot not budded remained healthy. 

Two methods of inoculation by grafting twigs from diseased plants 
to healthy ones were used. In the first method potted sweet orange 
plants 30 to 50 cm. tall were placed adjacent to diseased plants grow- 
ing in pots or barrels. A downward incision was made in the stem of 
the plant to be inoculated, and a similar but inverted incision was 
made in an adjacent twig of the diseased plant. The V-shaped seg- 
ment of stem of the diseased twig was fitted into tlie incision of the 
healthy plant, and the two twigs were bound together firmly with a 
cord. After about 30 days each diseased twig was severed just below 
the new graft union. Of 26 plants inoculated in this manner, 21 
showed definite symptoms of tristeza. Of the 10 check trees grafted 
with twigs from healthy plants, none showed evidence of infection. 

In the second method of inoculation suitable twigs were taken from 
diseased trees and grafted to the stems of potted plants by the method 
just described. The lower ends of the twigs were kept in vials of 
water for 30 days or more. After union was complete the stems were 
severed just beiow the new graft union. In three separate tests this 
method of inoculation resulted in high percentages of infection. Of 
15 plants inoculated, 14 showed symptoms of tristeza. Of 15 check 
plants of the same lot not grafted with twigs, all remained free of 
symptoms. 

Plants grafted with twigs that remained attached to diseased trees 
for 30 days or more showed symptoms of disease in a relatively short 
time. Usually within 30 days after inoculation new leaves at the tips 
of the plants began to show a pale-yellow color. Further growth 
resulted in more yellow leaves, and in some cases the older leaves of 
the plants also became yellow; in other plants the older leaves did not 
turn yeUow but were somewhat less glossy than those of healthy 
plants. Stunting was marked regardless of the degree of 3^eIlowiiig of 
the foliage. After 4 to 6 months the check plants were two or three 
times as tall as the inoculated ones, 

- Plants inoculated by budding .or by grafting with detached twigs 
were slower in 'showing symptoms.,' and the inGubation...period. of the 
disease varied from 1 to 4 months. ' After symptoms began to appear, 
how^ever, they were similar to those produced by other methods of 
inoculation. 
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Tests for Insect Transmission 

Tlie species of insects tested for ability to transmit the yiriis of 
tristeza are listed in table 3.-. Of these species, Aphis eitricidus,^ A, 
gossyjJi Glov., Mmrosiphum solanifoUi (Ashni.), and Almrothrixus 
Joccosm (Mask.) were found breeding on citrus trees under field con- 
‘ditions. All the other species except Macwsiphum ambrosiae (Thos.) , 
My BUS persicae (Siilz.), and Aphis rumicis L. were found on orange 
trees at different times, but it was not determined that any of them 
breeds on citrus. In ail the tests except those with A. citricidm the 
insects were collected and placed on diseased trees on wiiich they wv ere 
allowed to feed for periods ranging from several hours to several days. 
The insects were then transferred to healthy plants. Large numbers 
of insects were used in most of the tests. 


Table 3, — Results of tests in luhich siveet orange plants on sour orange rootstock 
were infested with different species of insects from diseased orange trees to determiine 
whether they are vectors of tr'isteza virus ^ 


Insect tested 


Source of insect 


Plants Plants 

infested infected 


'Diseased orange tree. _ - 
Nonviruliferous colony. 
Diseased orange tree. . . 
....do 


Aphu cUriddm. 


Aphis gossvpii 

Aphis rmikls 

Alacmiphum ambrosiae , , . 

Macfosiphum solanifoUi, . . 

Mvzus persicae 

Aleurothrixus fioccosus 

Agallm albidida 

AgalUana ensigera Oman.. 
Bmephalogonia sp 

Bmpomca batatas Poos 

Miscellaneous leaf hoppers. 


1 Nonviruliferous colony 
VDiseased orange tree. . 

! Nonviruliferous colony 
Diseased orange tree. . 

do. 

vNonviruliferous colony 
Diseased orange tree. . 

do 

do 

? do 

\ Potato 

Diseased orange tree. . 

do... 

do 

.*.-.do. 

do 


f do.. 

\Sweetpotato 

Diseased orange tree. 


Number 

20 

20 

5 

10 

10 

38 

20 

10 

10 

10 

15 

13 

5 

15 

5 

10 

10 

11 

10 

10 

10 

5 

5 


Number 


20 

0 

4 

5 
0 

22 

0 

7 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


1 The number of insects used to iiifest the test plants ranged from 15 to 50 for Bucephalogonia sp. and from 
50 to 300 for all other species, the larger numbers being used on plants infested with the different species of 
aphids. 


In the tests with Aphis citricidm, infested twigs were taken from 
diseased orange trees and placed dhectly on healthy plants. The 
insects crawled to the healthy plants as the diseased Wigs /wilted. 
The aphids were allowed to feed 2 to 4 days and were then killed with 
a Bicotine spray. Check plants were infested with aphids from healthy 
orange trees in cages. These aphids were the progeny of individuals 
taken from their mothers at birth and placed on healthy seedling 
plants. Except as noted, 100 to 300 aphids were placed on each 
infested plant;., 

A high percentage of infection was obtained in each experiment in 
which Aphis citricidm was used, but no evidence of mfection was 
observed on plants infested with other species of insects. Some of 
the plants infested with A, cHricidus began to produce yellow leaves 
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at the growing tips 30 days after infestation. After these leaves began 
to appear growth was iiiiicli retarded and old and young leaves showed 
various degrers of ;yellowmg. The leaves of some of the diseased 
plants, especially those of the variety Barao, had a tendency to stand 
more iieaiiy upright than those of healthy plants. On some plants 
the leaves turned bright yellow, and in a lew cases they , dropped. 
.Yellowing of other plants was less marked, and the leaves, w^ere .only 
sliglitly paler than normal. Some of the plants of this latter type 
produced new shoots with small leaves more or less normal in color. 
In ^ general, the yellow plants were smaller than those with greener 
foliage. All the' check plants that were infested with large numbers 
of aphids from nonviruliferous colonies remained healthy and grew 
rapidly. Figure 3 shows an infected yellow plant and a check plant 
of one experiment about 6 months after the plants were infested. 

One test was made to obtain evidence as to whether relatively 
small numbers of ApMs eitneidus can effectively transmit tristeza and 
whether a period of starvation before feeding on diseased plants 
increases the infectivity of the aphids. For this test, aphids were 
taken from the nonviruliferous colonies and placed on wet filter paper 
in moist chambers. After a starvation period of 4 to 7 hours the aphids 
were removed and placed on succulent twigs from diseased sweet 
orange plants on which they were allowed to feed for periods ranging 
from 5 to 60 minutes before being transferred to healthy plants. 
Each plant was infested with oO aphids. As one of the controls, each 
plant was infested with 50 aphids taken directly from diseased plants; 
as a second control, on relation of numbers of insects per plant to 
infection, each plant was infested with about 300 aphids taken directly 
from diseased plants. The feeding periods and the results are shown 
in table 4. 

Table 4.— Results of iransmission tests with Aphis citricidus in which nonvirulif- 
eroiis aphids were starved for periods of 4- io 7 hours, allowed to feed for indicated 
periods on diseased sweet orange twigs, and then transferred to small plants of 
sweet orange on sour orange rootstock 


Source of aph,ids 

Periods starved 
aphids fed on 

I diseased plants 

Aphids * 
per plant 

Plants 

infested 

Plants 

infected 

Nonvlmllferoiis colony 

Minutes 

0 

Number 

50 

1 

1 Number 
■b 

Numhtf 

0 

Do.-..- - - 

5 

, 60 

5 

0 

Do,... - 

10 

50 

5 

0 

Do... — - 

30 

50 i 

'.5 1 

0 

Do...— — 

60 

50 1 

■ 5 I 

,.l 

Diseaax! orange 'treess ] 

■ C) : 

50 i 

■ ■ 5 i 

3 

Do„— — — : 

C) 

300 ; 

■ 5. ^ 

5 


■ i Aphids reared on diseased plants, not starred; transferred dira^tly from .diseased twigs to healthy plants. 

This test is too limited to permit the drawing of final conclusions, 
but the results indicate that the staivation period prior to feeding on 
the diseased plants did not result in greater efficiency in transmission. 
They suggest also that feeding periods of 60 minutes or more are 
required for the insect to become fully charged with virus. ^ Fifty 
aphids froni a diseased tree appeared less effective in transmitting the 
.virus .than, 300^ aphids. 
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Fig UKE 3.— Young sweet orange trees on sour orange rootstock photographed about 
6 months after inociiiation : A, Plant inoculated bv infestation with about 200 
Aphh eUrkidus from a sweet orange tree affected with tristeza; check plant 
infested with about the same number of aphids from healthy plants. 
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^ In two other tests different numbers of aphids collected from 
diseased plants were used to inoculate very small plants of the variety 
Barao on sour orange rootstock. Of‘ 30 plants each infested with 1 
aphidj 2 became infected; of 5 plants each infested with.o apliicls, 1 
became infected; of 2 plants each infested with 25 aphids, 1, became 
infected; and of 4 plants each infested with maiyy aphids, 1 became 
infected. 

Other tests were made in which lai’ge numbers of Aphis citricidus 
were allowed to crawl from diseased orange twigs to small rapidly 
growing plants of various species and remain until they died. Ten to 
fifty plants of each of the following species were infested in this man- 
ner: Acmdhosjjerniuni hispidimi DC. (carrapicho de carneiro), Anm- 
ranthus camdaius L., Brassica pedsai Bailey (Chinesti cabbage), 
Callistepkus ekinensis (L.) Nees (China-aster), CanaruJla ehsiforeds 
(L.) DC. (feijao de porco), Datum stramonium (jimsouweed), Datura 
sp., Erigeron bonaiiensis L., Euphorbia pihdifera L., E. pninifolia 
(amendoini bravo), Gossypium kirsutum L. (c*otton), Lycopersicon 
esculerdum (tomato), Nicotkma glauca (tree tobacco), N, tabaeum 
(tobacco), Oxalis sp., Phaseolus vulgaris L. (kidney bean, var, Scotia), 
PhyUaydhus corcomdensis MuelL Arg. (quebra pedra), Ruta sp., 
Solatium tuberosum L. (potato), Spinacia oleracea L. (spinach), Stellaria 
media (L.) Cyr. (chiekweed), and Vigna sinensis (Torrier) Haask. 
(cowpea). No symptoms considered to be caused by the tristeza 
virus were discovered in any of these plants. 

TESTS FOR SEED TRANSMISSION 

All the seedling plants of sweet and sour oranges used in the experi- 
ments already described were grown from seeds from diseased trees or 
from trees that had been exposed to infection for several years. More 
than 1,200 plants were prepared for these experiments by grafting 
sweet orange seedlings on sour orange seedlings. Some of the plants 
were inoculated by insertion of grafts or by infestation with 
citricidus and showed the disease only after a- reasonable period follow- 
ing inoculation, klore than 425 plants, however, were held as checks 
or were inoculated with juice or by infestation with insects that appear 
not to be vectors of the causal virus. Onty 1 of these plants has shown 
symptoms that resemble those of tristeza. Attempts to recover the 
tristeza virus from this plant were uiisuecessfiil, and it was coiicliided 
that the symptoms observed were not caused by that virus. 

Further tests were made with seeds collected from trees of the 
variety Pera on sour orange rootstock in advanced stages of disease 
and with seeds from trees of sour orange on their own rcx)ts wiiich 
show^ed no symptoms of tristeza but which were surroimded by badly 
diseased trees of sw-eet orange on sour orange rootstock. Seeds of the 
two species were planted in flats. Wlien the seedlings attained suffi- 
cient size, the sw^eet orange seedlings were grafted onto sour orange 
seedlings. More than 1,000 plants were prepared in this inanner, 
placed in pots in a gi'eeiihouse, and watched for the appearance of 
symptoms of tristeza i 5 months. -All of them remained healthy. 
From these results it seems probable' that the tristeza virus is' not 
transmissible through the seeds of the varieties of oranges^ tested. 
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Tlie causal agent of the tristezalike disease of citrus in the Union of 
South Africa also appears not to be transmissible through the seed, 
since Obeiiiolzer (21) found tha-t buds from seedlings ..of Valencia 
orange and Triumph grapefruit developed normally when budded into 
sour orange and lemon rootstocks, whereas buds from orchard trees 
developed into twigs with severe symptoms of disease on these 
rootstocks. 

VARIETAL SUSCEPTIBILITY TO TRISTEZA 

The degree of susceptibility of the various species and varieties of 
citrus to infection with tristeza is not well known, largely because the 
causal virus had not been found to produce macroscopic primary 
symptoms on any of the plants that have been subjected to inocula- 
tion. Seedling trees of sour orange, sweet orange, rough lemon, 
Rangpur lime (Citrus aurantifoUa (Christm.) Swingle, or possibly C. 
retiadata X C. aurantifalia), sweet lime (C, auraniifolia) , grapefruit, 
‘‘cravo” tangerine (C . reticulata Blanco), citron (C. medica L.), and 
trifoliate orange (Poneirus irifoUata (L.) Raf.) have been growing at 
the Estagao Experimental de Citricultura de Limeira near diseased 
trees for more than o years and have shown no injury from the disease. 
So far as known, seeclling trees of all species and varieties of citrus are 
immune from or highly resistant to injury, although some are known 
to be susceptible to infection. Thus far, damage has been obseiwed 
only on trees of certain specific scion-stock combinations. 

SUSCEPTIBILITY OP SCION-STOCK COMBINATIONS 

The scion-stock combination injured most extensively in Argentina, 
Brazil, and Uruguay is sweet orange on sour orange rootstock. Other 
kinds of citrus on this rootstock, however, have also been reported as 
susceptible to injury (^, 5, 6', 20). In 1941 Bitancourt (5) listed 
sweet orange as susceptible to injury in Argentina and grapefruit as 
possibly suseeptible; in 1943 he (6) reported sweet orange, tangerine, 
and gimpefniit as susceptible in Brazil. Moreira (20), in 1942, re- 
ported the susceptibility of Pera and Bahianinha sweet orange, 
Marsh seedless grapefruit, Mexeriqueira tangerine, and Galacian 
lemon. In 1947 Bertelli (2) listed sweet orange, grapefruit, and 
mandariii as subject to injury. 

During the 1946-47 season observations were made on many 
varieties and species of citrus growing at the Estagao Experimental 
de Citricultura de Limeira, where a liigh percentage of the trees of 
sweet orange oil sour orange rootstock were in advanced stages of 
disease. In these plantings most of the trees in blocks of Marsh 
seedless gi'apefruit on sour orange and on bittersweet orange (Citrus 
aurantium L.) showed symptoms characteristic of those produced by 
tristeza. These trees were smaller than those on sweet orange root- 
stock; iiiaiiy older leaves had dropped prematurely; in some cases 
weak secondary branches with small leaves had developed on some 
of the limbs ; and the fruits were smaller and probably more numerous 
than on adjacent healthy-appearing trees on sweet orange rootstock. 
The trees had not declined in vigor or productivity so rapidly as had 
orange trees on sour orange rootstock. The symptoms, however, 
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were those that would be expected from a less severe expression of the 
disease. This greater resistance of grapefruit h„as been, noted .also by 
Bitaiicoiirt {6), 

Orange trees of the varieties Pera and ’'Bahiaiii.nha on grapefruit 
rootstock also appeared abnormal and showed many of the symptoms 
characteristic of tristeza. Injury was less severe than on trees of 
these varieties on sour orange rootstock. It has been suggested that 
the ^ abnormal appearance may have resulted from a type of incom- 
patibility between scion and stock. However, since there appears to 
be no evidence of a comparable incompatibility in this union in other 
parts of the world, it seems possible that these trees are being injured 
by tristeza. 

In variety-test plots a short row of t.rees of Thornton tangelo 
{Citrus paradisi X C. reticidata) on sour orange rootstock h.ad been, 
killed b}^ tristeza, but an adjacent row of Sampson tangelo on the 
same rootstock showed no evidence of injury. Differences in suscepti- 
bility of these two varieties of tangelo were reported first by Moreira 
(£0) in 1942. 

In experimental tests 30 or more citrus plants of each of several 
citrus types were prepared in 3 lots as follows; Lot 1, seedlings on 
their own roots; lot 2, seedlings grafted to sour orange rootstock; 
lot 3, seedlings grafted with sweet orange scions. Half of the plants 
of each lot were infested with large numbers of Aphis eitricidus from 
diseased orange trees, and half were retained as checks and not 
infested with aphids. In these tests, which are still in progress, no 
evidence of disease has been observed on nongrafted trees of any 
species or variety, but symptoms typical of tristeza have appeared 
on the following scion-stock combinations: Sweet orange on Vi§osa 
grapefruit and Doce and Melancia shaddocks (Citrus grandis (L.) 
Osbeck); and Vigosa grapefruit, Doce shaddock, Cleopatra mandarin 
(C, reticulata), Satsiimelo 10--V-3, and Simshine tangelo, all on sour 
orange rootstock. No evidence of disease was noted on any of the 
noninoculated plants of these tests. 

Many scion-stock combinations appear to be free of injury from 
tristeza. At the Estagao Experimental de Citricultura de Limeira 
sweet orange (vars. Pera and Bahianinha) and grapefruit (var. Marsh 
seedless) on sweet orange, Rangpur lime, sweet lime, “cravo'’ tan- 
gerine, and rough lemon have shown no injury attributed to tristeza 
in plantings in which most of the trees of sw'eet orange and grape- 
fruit on sour orange and bittersweet orange rootstocks are now dead 
or severely affected with the disease. Near Limeira an 8-acre grove 
of trees of sour orange on sweet orange rootstock has shown no 
s 3 nnptoms of disease, although most of the trees of the reverse coin- 
bination in this area have been killed. It is known also, as reported 
by Bitancourt (ff), that when trees of sweet orange on sour orange 
rootstock are top-worked to lemon they become resistant to injury. 

In tests with small grafted plants in pots the following (mmbinations 
appear to be resistant to injury; Sweet orange on Duncan grapefruit, 
on Cleopatra mandarin, on Satsumelo Kb-V-S, and on Simshine 
tangelo ; and Diincan grapefruit and Melancia shaddock on sour orange. 
Some of these combinations, however, need further testing before 
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they can be defiiiitely considered resistant. Plants of this experiment 
are undergoing further exposure to the disease in the field. 

It seems probable that further information on varietal susceptAility 
may throw more light on the relation of tristeza to quick decline in 
California, bud-union decline in Australia, and the troubles in the 
Union of South Africa and Java, all of which have in common tlie 
ability to produce severe injury on trees of sweet orange on sour 
orange rootstock. 

Maiioth (17) found that trees of sweet orange and tangerine in 
Transvaal were injured when on sour orange rootstock, but that some 
degree of success w^as obtained wfith trees of grapefruit and tangelo 
on sour orange rootstock. The behavior of Sampson tangelo as a 
stock wms found to be similar to that of sour orange. This evidence 
of susceptibility of Sampson tangelo as a stock, together with its 
resistance as a scion on sour orange in Brazil, indicates that the 
reaction of this varietj^ of tangelo to the virus of tristeza may prove 
to be the same as that of sour orange, provided, of course, that the 
South African disease is caused by the same virus. 

Oberholzer (21) stated that the commercial lemon, certain acid 
limes, and, to a certain degree, grapefruit react more or less in the same 
w^ay as sour orange when used as rootstocks for sweet orange in the 
Union of South Africa. 

In Java, Toxopeus (S3) found ^Mapanese citron” (probably Citrus 
nobilis Lour. X C. rnedica) resistant when used as a stock for sweet 
orange, but when used as an interstock bet^veen a sweet orange 
scion and a sour orange rootstock it afforded no protection. Wlien 
sweet orange, “Japanese citron,” and sour orange were used as scions, 
interstocks, and stocks in all the possible combinations, injury occurred 
only in trees that had a swmet orange top and an interstock or a stock 
of sour orange. Terra (32) stated that, in Java, Cleopatra mandarin 
appears to make a satisfactory stock for sweet orange but that another 
tangerine, “Djeroek siem,” w-as a faUiire as a stock for Pineapple 
orange. The “sour orange Peradeniya,” which may or may not be 
a variety of sour orange, wms resistant as a rootstock for sweet orange. 

Trees of sw^eet orange on grapefruit rootstock have been reported 
(50) resistant to quick decline in California. 

McAlpin, Parsai, Roberts, and Hope (16) listed the follow^ing com- 
binations as susceptible to injury by bud-union decline in Australia: 
Sweet orange on sour orange, grapefruit, kumqiiat (FortuneUa sp.), 
and lemon; grapefruit on sour orange and Eureka lemon ; and mandarin 
on sour orange. 

Whether the apparent differences in varietal reaction, such as the 
seeming differences in behavior of grapefruit as a stock for sweet 
orange in Brazil and in California, have any significance with respect 
to the causal agent in the twm cases is not certain, and further observa- 
tions are needed. From the limited evidence now available it may 
be expected that a considerable range of susceptibility to tristeza 
will be found among vmeties of grapefruit and shaddock. This may 
be true also for tangerine, tangelo, and possibly other related types. 

SYMPTOMLESS CARRIEES OF TRISTEZA VIRUS 

Whether any recognizable effects are produced on seedling trees of 
any species or variety of citrus or citrus relatives by the tristeza virus 
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reiiia;ins to be determined. A type of vein yellowing occurring alone 
or accompanied by some leaf drop on isolated twigs of many trees 
that otherwise appear normal, howeverj may be caused by the tristeza 
virus. The yellowing is of the type encountered on trees of sweet 
orange de^finitely affected with tristeza. It has been found in most 
striking form on grapefruit in new flushes of growth. Yellowing 
similar to that described on seedling trees has been observed occa- 
sionally also on trees of resistant scion-stock combinations. It wnuid 
seem possible for this type of yellowing to be caused by an accumu- 
lation of materials above a stem zone in wiiich there has been collapse 
of sieve tubes in an area temporarily susceptible to injury. 

It is to be expected that all types that show^ tristeza when grafted 
oil sour orange or other susceptible stocks will be virus carriers as 
♦seedlings or wiieii grafted on resistant stocks after being infected. 

xit present, how^'ever, there seems to be no w^ay of dkeriiiiiiiiig with 
certainty the presence of vhus in such trees other than by transmission 
of virus from the suspected tree to trees of scion-stock combinations 
known! to be susceptible to injury. In 1947 extensive attempts were 
made to transmit the virus from different species and varieties of 
citrus showing no symptoms of the disease to potted sweet orange 
plants on sour orange rootstock by infesting them with Aphis 
by insertion of buds, and by cleft grafting twigs into stems of the 
plants to be inoculated. The results of the first of these tests are 
shown in table 5. They indicate rather definitely that the virus was 
present in certain citrus types in which no symptoms of the disease 
were recognized. The types that show^ed most convincmg evidence 
of being virus carriers are rough lemon on its owui roots, ^^cravo’^ 
tangerine on its owm roots, the Pera variety of orange on Rangpur 
lime, and an unidentified citrus tree on its owm roots. In this con- 
nection it is of interest that Fawcett and Wallace (M) shown 
that the virus of quick decline is carried by trees of sweet orange that 
show" no symptoms of the disease. 


Table 5, — ■Results of attempts to transmit tristeza virus to potted sweet orange plants 
on sour orange rootstock from various species and varieties of citrus exposed to 
infection hut showing no symptoms 


Source of inoeulum 

Results with indicated tyi>e of inoculum 

Aphis cUriddm 

Twigs j 

Buds 

Plants 

infested 

Plants 

infected 

i Plants 
.grafted 

Plants 

infeeted. 

Plants 

budded 

Plants 

mfeHiid 


Number 

Number 

i Number 

Number 

NwmbiT 

Number 

Rough, lemon on own roots 

0 


5 

4 

5 

1 

Grapefruit budded on grapefruit 

0 


5 

1 

5 

0 

Eureka lemon budded on trifoliate orange. 

0 


£ 

0 


0 

“Cravo*'* tangerine on own roots 

0 

j 

5 

5 

5 

,1 

Pera orange budded on Rangpur lime. 

10 

1 

5 

5 

.5 

4 

Sw'eet orange (caipira) on own roots... 

5 

0 

5 

. 1 

& 

1 

Citron on own ' roots .. . ....... 

5 

0 

5. 

0 

£ 

t) 

Rangpur lime on own roots' . 

U 


5 

■■ '■ '0 

.5 

■ ' C) 

Sour orange on owm roots 

10 

0 

■'■UO'' 

,0 

,10' 

'.0 

Trifoliate ora.ngeon own roots. 

0 


5 \ 

■" ■ O'! 

■ ■' S' : 

' '■ '0 

Unidentified citrus t,ree on own .roots—.... 

■ 5 

' '5 

O' 


" 
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RELATIVE SUSCEPTIBILITY OF SWEET AND SOUR ORANGES TO INFECTION 

Since trees composed of sw-eet orange scions on sour orange root- 
stock are severely injured by tristeza and are therefore of greatest 
economic importance in relation to the disease^ it wms tliouglit worth 
while to attempt to determine the relative susceptibility of plants of 
the constituent species to infection when growing on their own roots. 
For these tests potted plants of each species 'were divided into two 
lots when about 10 cm. tall. In the &*st test one lot of each species 
was inoculated three times by infestation wdth Aphis eitrkidus from 
diseased orange trees at intervals of 2 wrecks and the other lot was not 
inoculated. The aphids were allowed to feed 48 to 72 hours at each 
infestation and then 'were destroyed. 

Since no reliable symptoms of tristeza have been observed on either 
of these species of citrus when growdng on its own roots, it was neces- 
sary to graft the sw^eet orange onto the sour orange plants in order to 
determine whether infection wms produced by the aphids. Ten 
days after the third inoculation the following graft combinations of 
sw^eet and sour oranges were made: (1) Inoculated sweet orange on 
noiiinociilated sour orange; (2) noninoculated sweet orange on inocu- 
lated sour orange; and (3) noninoculated sw^et orange on nonin- 
oculated sour orange. 

In the second test small plants of sweet and sour oranges about 10 
cm. tall w^ere inoculated by infestation wnth A'phis citricidm. Two 
days after inoculation tlie*^ aphids were killed and the three graft 
combinations listed for the fn*st test, as w^ell as inoculated sweet 
orange on inoculated sour orange, were made. 

The results of these tests (table 6) show that small sour orange 
plants are susceptible to infection and that when used as stocks they 
transmitted the infection to noninoculated sweet orange scions. The 
results indicate strongly also that the sour orange plants were less 
susceptible to infection than the sweet orange plants. Since as a 
rule plants increase in resistance to virus diseases as they become 
larger, it seems probable that larger plants of sour orange may prove 
to be still more resistant. 

Table 6. — Results of grafting inoculated and noninoculated small seedling sumd 
orange plants on inoculated and noninoculated plants of sour orange 


[Inoculation by infestation with Aphis ciMcidiu] 


Test No. 

Graft combination used 

Plants 

tested 

Plants 

showing 

disease 

n..,...' 

, ■ i 

i finoeulated sweet orange on noninoculated sour orange . 

1 Noninoculated sw'eet orange on inoculated sour orange. 

Number 

38 

36 

Number 
. 22 
9 

1 

2' I ■ ' . ■ 

(Noninoculated sweet orange on noninoculated sour orange 
(Inoculated sweet orange on noninoculated sour orange 
j Noninoculated sweet orange on inoculated sour orange 

20 

14 

15 

0 

5 

1 


1 Noninoculated sweet orange on noninoculated sour orange . .. 

18 

0 


(Inoculated sweet orange on inoculated sour orange.. . 

8 

■ : 5' 
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EVALUATION OF CONTROL MEASURES USED IN BRAZIL 

Control measures for tristeza in Brazil have been, of two kinds: (1) 
Those designed to save trees of susceptible scion-stock combinations 
from destruction and (2) those designed to avoid future losses in new 
plantings. 

The measures that have been used to save trees of susceptible scion- 
stock combinations already planted consist of (1) inarching with re- 
sistant stocks; (2) mounding the soil to a level higher than the graft 
union to stimulate the production of roots from the scion; (3) top 
working with lemon; and (4) encouraging g.rowth of sour orange shoots 
from tlie^trunlv or root system of the stock with the hope that these 
shoots will supply the carbohydrates necessary to replace those that 
are normally supplied by the sweet orange top. 

The success of the method of control involviiig marching depends 
largely on the size and kind of tree involved, on the time of infection 
of the treated tree in relation to time of inarching, and to some extent 
on environmental factors. In general, large trees, especially if inarched 
after they become diseased or shortly before, have not given encoiir- 
aging results. However, after tristeza appeared in the grove at 
Fazenda Sao Sebastiao, Caratiiatatuba, 20,000 trees of Marsh seedless 
grapefruit budded on sour orange stock and varying in age from 6 to 
12 years were inarched with resistant rootstocks with a high degree of 
success. Over 90 percent of the treated trees recovered or w^ere main- 
tained in a satisfactory condition. This grove is located near the 
coast, wkere high temperatures and humidity favor almost continuous 
growth. 

In an orange grove belonging to the same firm, but located on the 
plateau, where the climate is drier and the temperatures lower, 27,000 
trees of the variety Bahiaiiinha and 5,000 trees of the variety Hamlin 
on sour orange rootstock, ranging in age from 6 to 12 years, were 
inarched with resistant stocks. Although about 70 percent of the 
young trees used in inarching became established, the marched trees 
have not regained their former vigor and productivity. 

In other orange groves in which inarching has been practiced some 
trees appear to have been benefited, but in areas where the disease is 
prevalent few inarched trees that have been maintained in a highly 
productive condition have been observed. It seems probable, how^- 
ever, that trees inarched weU in advance of infection so that they 
would be largely on resistant roots before infection occurred could 
be saved. ' 

With smaE trees there is evidence that control by inarching is more 
successful, and it is probable that most- young groves could be saved 
from destruction by. inarching with resistant varieties if inarching were 
started before invasion or in the early stages of invasion of the groves: 
by thC' disease. In practice, the method has not been used extensively, 
probably largely because of the cost. 

, From the, observations thus far trees of grapefruit appear to have 
given betterv results from the inarching method of control than have 
those of, sweet orange. .'. This ma^ be due, in part at least, to a slovrer 
rate of decline of, trees of grapefruit after infection, thus affording more 



228 Journcd of AgneidtiiraJ Research volts, No. s 


favorable coiiditioiis for the young trees used for inarching to become 
established. 

The type of citrus used as rootstocks in inarching appears to be 
important in the success of the method. Observations made by A. J. 
Eodriegiies ® on three types of rootstocks indicated that Uangpur lime 
and sweet lime gave somewhat better results than sweet orange (cai- 
pira) ill groves in which tristeza was present. 

Aloimding of the soil around the trunks of diseased or healthy trees 
of susceptible combinations to stimulate the growth of roots from the 
scion has not been tried extensively in Brazil, mainly because as a rule 
the trees are budded so high that large mounds are required to cover 
the base of the scion. Also some difficulty has been experienced in 
obtaining root development from the scion. The method may prove 
more effective where the trees are budded lower and where root rot 
is not a serious problem. 

Top working susceptible orange trees with lemon lias been very 
effective in controlling tristeza where the trees were not too large or 
too badly damaged when the top working was done. The practica- 
bility of this method of control depends, of course, largely on whether 
there is a market for the resulting lemon crop. Partly because of 
market limitations and demands this method of control has been used 
only to a limited extent. 

In the Fazenda Sao Carlos near Palmeiras encouraging the growth 
of shoots from the trunk and root system of sour orange is being 
tested commercially on a large scale in a gi'ove of 30,000 orange trees 
in which tristeza is just becoming established. Whether these shoots 
mil supply the deficit in carbohydrates in the stock caused by the 
disease and thus prolong the procluctive life of the tree remains to be 
determined. Some trees have been observed with sour orange sprouts 
3 to 5 years old grooving from the trunk and from the root system, but 
the sweet orange tops in all cases have continued to decline. 

Since a very high percentage of the orange trees of Brazil of scion- 
stock combinations susceptible to injury by tristeza have been 
destroyed or rendered of little value, the problem of control of the 
disease there is largely one of replanting with resistant trees and of 
choosing the most suitable resistant citrus types to replace sour orange 
as a rootstock. Brieger and Moreira {8) have presented extensive 
data on the performance, over a period of years, of 12 citrus types as 
rootstocks for the Marsh seedless variety of grapefruit and for the 
Pera and Bahianinlia varieties of sweet orange. The types that have 
given best results in these tests are sweet orange (caipira and laranja 
lima), rough lemon, Rangpim lime, and sweet lime. These are the 
types now being used most extensively in Brazil as rootstocks for the 
commercial varieties of sweet orange. 

It seems evident that it will be necessary to discard sour orange as a 
rootstock for varieties of sweet orange and perhaps for grapefruit and 
some varieties of tangerine and related types in all parts of the world 
where tristeza occurs unless types of sour orange more tolerant of the 
disease are obtained. Because of danger of spread of the disease to 
districts now^ free of infection, it may be advisable also to begin to 


^ Unpublished inf ormatioB communicated to A. S, Costa. 
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liniit the use of . sour orange as a rootstock in many districts where the 
disease lias not been introduced. 

Chiefly because of its resistance to certain types of pliytophtliora 
rots the loss of the sour orange will be felt keeni3U especially in those 
areas that do not have open, well-drained soils. The spread of .tristeza 
has emphasized the need for gi'eater resistance to root rot a.nd crown 
rot organisms in rootstocks that are resistant to tristeza. A very 
valuable contribution to the search for such resistance has been made 
alread}’^ bj^ Rossetti (26) f who presented evidence that there ' is, a 
considerable range of resistance to species of Phytopktkora in seedlings 
of several varieties of sweet orange. Her work encourages the hope 
that in time rootstocks of sweet orange, and perhaps of other tj^pes, 
that have a higher degree of resista.nce to root rot organisms may be 
found. The iu'vestigations stimulated bjr the ravages of tristeza inaj^ 
be expected to add materially to the knowledge of the value of many 
tj^ies of citrus for use as rootstocks. 


DISCUSSION 

Tristeza of citrus is characterized largely by failure to produce 
primary symptoms on the foliage of anj" known liost plant and })y the 
production of severe effects only on trees of certain scion-stock com- 
binations, the best known of which is sweet orange on sour orange 
rootstock. Neither of the component species of the latter combination 
is known to be susceptible to injmy Mien on its own roots, and no 
injury is evident on trees composed of sour orange tops on sweet orange 
roots. Scion-stock relations in some respects similar to this have been 
reported by Rawlins and Parker (24) for buckskin disease of cheny, 
by Raleigh (23) for potato latent mosaic, and Gardner, IMartli, 
and Magness (15) for a disease of apple which follows the gi*aftiiig of 
certain apple scions on Spy 227 rootstock. 

Those synaptoms so far described for tristeza are secondary and are 
of a type produced readily by a partial or complete girdle. Evidence 
indicates, in fact, that a form of girdling is responsible for the known 
symptoms of the disease. Schneider, Bitancourt, and Rossetti (29) 
have shown that in trees affected hj tristeza sieve tubes and companion 
cells below the iinion of scion and stock become necrotic. Injury of 
this type would be expected to lead to an excessive accmniilation of 
metabolites in the top of the tree and to a food deficiency in the root 
system. Thus, it might be expected that the first sy'mptoms of the 
disease would be associated with the accumulation of excessive 
amounts of carbolydrates and other products in the tops of the trees 
and that the later symptoms might be influenced to a greater degree 
by injury to the root system resulting from deficiency of food materials. 

The sequence of s^miptoms produced in young trees inoculated with 
tristeza virus in the field followed this expected pattern. Leaves of 
infected trees 4 to 6 months after inoculation took on a dull appearance, 
often with a tendency toward vein yellowing. This first noticeable 
injury did not appear to be due to root deterioration, since no evidence 
of starch depletion or root decay was detected in tests made shortlj" 
after symptoms began to appear. Symptoms somewhat similar, but 
characterized by more vein yellowing, were produced in about the 
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same lengtli of time on check trees on limbs around which a wire had 
been wrapped. 

xilso similar secondary symptoms of vein 3 ^ellowmg and chlorosis 
were observed on potted orange plants heavily infested with cottony- 
cushion scale (Icerya purehasi Mask.) . This v^ellowiiig is thought to 
have been associated with injury to the phloem by insect-produced 
toxins. 

The peculiar scion-stock relation in the production of symptoms of 
tristeza^ is of special interest. It seems probable that for the produc- 
tion of injury in the species and varieties of citrus so far observed (1) 
the scion must be of a species or variety which produces relatively 
large quantities of virus but which is tolerant of the virus and of 
products resulting from its presence and (2) the rootstock or the 
interstock must be of a species or variety which is capable of producing 
relati vel}^ low concentrations of the virus and which is highly sensitive 
to the virus or to products resulting from its presence. 

Plants of a variety or species capable of producing high concentra- 
tions of the virus or of virus toxin and having phloem sensitive to 
injuiy by it would be expected to show s^miptoms on their own roots 
and would be valuable as test plants for use in the study of the disease. 
As yet no plant of this type has been discovered. 

Infoimation available thus far seems to indicate that the sweet 
orange is relative^ susceptible to infection and that it may be capable 
of supporting relatively high concentrations of virus, but that the spur 
orange is less susceptible to infection and may have lower concen- 
trations of virus. It seems probable, therefore, that infection of a 
tree composed of a sweet orange scion and a sour orange rootstock 
vvould be followed by multiplication of the virus in the sweet orange 
tissue and by the production of relatively high concentrations of virus 
in the top. Since it has been demonstrated that viruses that enter 
the phloem move rapidly in the direction of translocation of elaborated 
.food products, it seems probable that the toxic principle, whether it be 
a virus or a toxin resulting from the presence of the virus, would move 
rapidly and in considerable quantity from the scion into the stock 
and that the concentration of injurious material in the sour orange, 
particularly immediately below the union between scion and stock, 
would be much higher than could be reached as a result of virus 
increase in a sour orange tree. 

It is also conceivable that virus multiplication in a sour orange root- 
stock might be increased greatly by a sweet orange top if the assump- 
tion is made that virus increase takes place at the expense of materials 
carried in the phloem and that materials are carried in the pliloem as a 
result of mass movement of the liquid phloem content. In this case 
it would be expected that virus precursors built up in the s’weet orange 
would move from the svreet orange to the sour orange and that the 
pmoeni content of the sour orange stock immediately below the union 
with the scion would be more characteristic of the phloem content of 
sweet orange than of sour orange. Thus by virtue of these materials 
increase might occur, and the virus or virus toxin might reach con- 
cemrations sufficiently high to cause collapse of sieve tubes. 

There is evidence in the case of at least one virus to support the idea 
that materials can move from a susceptible virus-infected scion and 
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produce symptoms of disease on a resistant stock. When a scion of 
Turkish tobacco infected with a virus which is believed to be a mutant 
of the sugar-beet curly top virus and wliicli produces marked yellowiiig 
of veins of leaves of Turldsh tobacco is grafted onto a plant of NkoUana 
glmica, the _ first leaves of the 'new shoots from the stock have yellow 
veins. This condition persists as long as the shoots from the stock are 
in a position to receive food material from the scioiij but when they 
grow and presumably become independent of the scion for their food 
supply they no longer produce leaves with ^udlow veins. For all 
practical purposes xV. glaum is immune fromj'this virus, for when the 
scion is removed the stock no longer pi*oduces leaves with yellow veins 
and soon tlie virus is lost. 

On the basis of these concepts theories may be advanced to explain 
certain anomalies such as injury in trees liaviiig an intergraft of sour 
orange between a sweet orange top and a resistant root and the resist- 
ance of trees with an intergraft of sweet orange between a lemon top 
and a sour orange rootstock. In the first instance the virus would 
move from a susceptible sweet orange, possibly higldy charged with 
virus, into sour orange tissue and collapse of sieve tubes would be 
expected in the sour orange regardless of the type of tissue below the 
sour orange interstock. In the second instance, although movement 
into the sour orange stock would be from sweet orange, the materials 
moving from tlie sweet orange into the sour orange probably would be 
largely tliose manufactured by lemon. Since it seems probable that 
lemon is a relatively unfavorable medium for virus increase, only low 
coiicentratLoiis of toxic material at most would move from the lemon 
through the sweet orange interstock into the sour orange stock. 
These concentrations might well be too low to cause serious injury to 
the phloem. 

The reason for the failure of tristeza virus to produce appreciable 
injury on any species or variety of citrus growing on its own roots is of 
considerable interest from both a scientific and a practical viewpoint. 
The most obvious explanation of this curious fact would appear to be 
that no species or variety known at present is able to produce sufficient 
concentrations of virus or of virus toxin within its own tissues to cause 
appreciable injury to its own phloem. On the basis of this theoi*y it 
seems probable that there may eventually be found citrus species and 
varieties on their owm roots that show five more or less well defined 
relations to the virus, only three of which have as yet been encountered 
with any degree of certainty. These relations may be indicated as 
follows: 

(1) The plant may permit little or no virus increase but possess 
phloem tissue very susceptible to injury by the virus or toxin. Sour 
orange, Sampson taiigeio, and some true lemons show evidence of 
such a relation. 

(2) The plant may permit production of moderate concentrations 

of virus or toxin and possess phloem tissue only moderately susceptible 
to injury. Some varieties of grapefruit and shaddock may have this 
relation. '.V ■ ^ ■ 

(3) The plant may permit the production of high eoncentrations of 
virus ■ and possess phloem tissue highly resistant to injury. Sweet 

' 8S1471— 49— 4' 
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orange, and perhaps Rangpiir lime,, rough lemon, and some yarieties 
of tangelo and mandarin, may have this relation 

(4) 'The plant may permit the production of little or no virus and 

possess phloem tissue that is tolerant of high concentrations of virus 
or toxin resulting from the presence of virus. ^ showing this 

relation are not known, but possibly some varieties of lernons or other 
resistant types have such a relation. A variety of this kind woiikl be 
expected to be resistant both as a stock and as a scion for other citrus 
varieties. 

(5) The plant permit the production of relatively high eoncen- 
tratioiis of virus and possess phloem very sensitive to injury. Such a 
plant, of course, should show symptoms as a seedling and would be of 
value in experimental work. 

On the basis of these concepts it would be expected that any given 
scion-stock combination will prove to be resistant to injury by tristeza 
if the stock is of a variety that on its own roots is capable of producing 
a virus concentration as high as that normally produced by the scion 
variety on its own roots or higher. Also, it may be expected that any 
given scion-stock combination will prove to be susceptible if the stock 
is of a variety that on its own roots produces a lower concentration of 
virus or toxin than that produced by the scion variety unless the stock 
variety falls in class 4. With many varietal combinations it is possible 
that the degree of injury to the tree may be to some degree proportional 
to the difference in these respective concentrations in stock and scion 
varieties. 

These postulated relations provide a basis for a logical explanation 
of the seemingly contradictory observations that grapefruit is suscep- 
tible to injury as a scion when it is on a sour orange rootstock and 
apparently susceptible to injury also as a stock when the scion variety 
is sweet orange, whereas it is less susceptible to injury when both stock 
and scion are grapefruit. Grapefruit trees on sour orange stocks are 
injured less than sweet orange trees on sour orange stocks, indicating 
that grapefruit produces a smaller amount of toxic materials than 
sweet orange. Also trees of sweet orange on grapefruit stocks are 
injured less than trees of sweet orange on sour orange stocks, indicating 
that grapefruit is less susceptible than sour orange as a stock. Thus a 
lower concentration of virus or toxin in grapefruit as a scion togetlier 
with greater resistance of grapefruit as a stock may result in resistance 
to injury in a tree composed of a grapefruit top on a grapefruit root, 
even though grapefruit may be susceptible to injury both as a stock 
and as a scion in certain other scion-stock combinations. 

At the Ins ti til to Agronbmico at Campinas, Brazil, the concepts 
listed have been the basis for planning some of the tests having for 
their objective the determination of relative tristeza-resistance values 
of citrus species and varieties both as scions and as stocks. In addition 
to the direct tasting of numerous t3ppes of citrus as rootstocks for 
sweet orange, grapefruit, and other types, an indirect test in which 
numerous citrus types are grafted onto sour orange is being made. It 
is expected that, in general, the degree of injury shown by these types 
on sour orange ’^l be a relative measure of the concentration of virus 
or virus toxin that the scion variety is able to tolerate without injury. 
Scions that show severe injury on sour orange rootstock may prove to 
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be resistant as rootstocks for varieties that show less injury as scions 
on sour orange rootstock. Thus it may be that varieties capable of 
producing high concentrations of virus will prove to be among the best 
rootstocks from the standpoint of resistance to injury by tristeza. 

The relation of tristeza in Brazil to similar disorders in other places, 
notably the Union of South' Africa, Aigentina, Uruguay, Java, Aus- 
tralia, and southern California, has been the subject of considerable 
speculation. However, in some cases more evidence on which to base 
definite conclusions is needed. Tristeza in Brazil appears to be iden- 
tical with podredunibre de las raicillas in other South American 
countries. There are marked similarities also between tristeza and 
the disorders which occur on sweet orange varieties on sour orange 
rootstock in the Union of South Africa and Java. Oliuo and Moreira 
{22) emphasized the similarities between tristeza in Soiith America 
and ciuick decline in California. Schneider {28) pointed out tliat 
almost identical types of phloem necrosis are found in trees infected 
with tristeza and with quick decline; and Meneghini (19) emphasized 
similarities in starch depletion in the sour orange rootstock. 

Despite these striking similarities certain variations in the effects 
produced in different parts of the world suggest that the diseases are 
not identical in all instances. Some of the observed differences, such 
as the reported resistance of trees of sweet orange on grapefruit root- 
stock to quick decline and the failure of such trees to develop normally 
in certain districts in which tristeza is present, may be due to varietal 
or other differences. Variation in certain symptoms, for example, may 
be related to soil and climatic conditions. It is not clear, however, 
that all of the observed variations are the result of varietal and 
environmental influences. 

Toxopeus {S3) reported that in Java buds from sweet orange died 
in 8 to 12 months after being placed in sour orange stocks, and Ober- 
holzer {21) stated that in the Union of South Africa young trees formed 
by budding Valencia orange into susceptible rootstocks began to 
exhibit extensive root decay, chlorosis, and general decline at a very 
early age, usually 1 to 3 months after budding. Such rapid decline 
or killing has not been noted in Brazil after the budding of either 
diseased or healthy sweet orange buds into sour orange rootstock. 
In experimental tests buds from sweet orange ti^ees affected with 
tristeza budded into healthy sour orange rootstocks developed more 
or less normally at first and after 12 months they showed a reason- 
ably high degree of vigor. In nursery trees inoculated with the tristeza 
virus in Brazil by insertion of buds from diseased trees, the incubation 
period of the disease, as measimed by leaf discoloration, was as short 
as 4 months, in comparison with about 15 months obseryed by Fawcett 
and Wallace {IS) for quick decline in California. Also in trees affected 
with tristeza (f, 7^25) and with quick decline {11) there appear to be 
differences in the amount of starch foimd in the bank of sweet and 
sour oranges in the vicinity of the graft union and in that found in 
the roots of the sour orange rootstock in certain stages of development 
of 'the. disease. '■/ 

If these differences prove not to be due to varietal and environ- 
mental infiuences, they mclicatethat tristeza, as it is known in Brazil, 
differs in some respects from simOar disorders in Java, California, the 
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Union of Soiitli Africa, and perhaps Australia. If these disorders are 
not caused by tlie same virus, then it must be assumed on the basis 
of information now available that they are caused either by closely 
related viruses or b}" virus strains that vary in virulence and possibly 
in other characteristics. The latter alternative seems the more 
tenable at present. 

If tristeza originated in the Union of South Africa as has been 
suggested, all the strains of the causal virus would be expected to 
occur there provided no mutation has occurred in areas more recently 
invaded. If virus was carried from southern Africa to other parts of 
the world, as seems likely, it would be expected that not all of the 
strains would necessarily be introduced into any one place at a given 
time. - The characteristics of the disease produced in the different 
countries would be expected to vary, therefore, according to the strain 
or strains of the virus introduced, 

^ If strains of a single virus or even related viruses cause the various 
disorders and if these strains or related viruses differ in their ability 
to attack different species and varieties of plants, as is known to be 
the case with certain other virus diseases, it seems very important to 
obtain as soon as possible information on the reaction of a wide range 
of varieties and species of citrus in all parts of the world where the 
disorders occur. This is true especially of varieties of grapefruit, 
mandarin, lemon, tangelo, tangerine, and any other types that may 
be considered for use as rootstocks to replace sour orange. 

SUMMARY 

Tristeza of citrus, first observed in Argentina in 1930 or 1931 and 
in Brazil about 1937, now occurs in most of the commercial citrus dis- 
tricts of Argentina,^ Brazil, and Uruguay. The same or similar dis- 
orders, all characterized by ability to cause serious damage to varieties 
of sweet orange on sour orange rootstock, have been reported from 
the Union of South Africa, Java, southern California, and Australia. 

In experimental work at Campinas, Brazil, transmission of tristeza 
was not obtained by means of juice from diseased sweet orange plants. 
Of 91 sweet oi'ange plants inoculated by establishing on them dodder 
(Ommta spp.) that had grown on diseased plants, 1 plant inoculated 
by means of C. subindum became infected and 1 inoculated hy means 
of Cmcuta sp. showed sjrmptoms resembling tristeza, indicating that 
the disease may be transmissible to a low percentage of ' plants bv 
this means. i , j 

The disease was transmitted to 10 varieties of sweet orange on sour 
orange rootstock growing under field conditions by the insertion of 
buds froin_ diseased trees and to sweet orange plants on sour orange 
rootstoek in the greenhouse by the insertion of buds and twigs from 
diseased trees. 

The causal virus was transmitted to small plants under greenhouse 
condirions by infesting them with the oriental citrus aphid (Aphis 
from diseased^ plants, confirming the transmission resiffts 
of Meneghi^^ insect. A low percentage of plants infested 

with smgle aphids became infected, but high percentages of infection 
were obtained only with large numbem of insects. In limited tests a 
period of starvation prior to feeding on . diseased plants appeared not 
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to increase the ability of the insects to transmit the virus. Trans- 
mission was obtained with aphids only after they had fed 60 minutes 
or longer on diseased plants. 

No transmission was obtained by means of any of 10 other species of 
insects, including 5 of aphids, 4 of leafhoppers, and 1 of white fly, 
after they had fed on diseased sweet orange trees. 

A number of species and varieties of annual plants inoculated with 
juice from infected sweet orange trees by establishment of dodder 
from such trees and by infestation with Aphis citrkidus developed 
no symptoms that indicated transmission of the virus. 

In tests involving more than 1,400 plants the disease was not trans- 
mitted through the seeds of sweet or sour orange. 

No symptoms known to be caused by tristeza have been observed 
on any variety of citrus or citrus relative on its own roots, although 
it is thought possible that certain types of vein yellowing observed 
occasionally on isolated twigs of trees of grapefruit and many other 
types of citrus may be caused by the disease. .The scion-stock com- 
binations that have been observed to be injured are the following: 
Sweet orange, Marsh seedless gi-apefruit, Me.xeriqueira tangerine, 
mandarin, Thornton tangelo, and Galacian lemon on sour orange 
rootstock, and probably sweet orange on grapefruit rootstock. Re- 
sults from inoculation of small plants by means of Aphis citricidm 
have indicated that the following scion-stock combinations may be 
susceptible to injury under greenhouse conditions: Sweet orange on 
Vi§osa grapefruit and Doce and Melancia shaddocks; and Vi^osa 
grapefruit, Doce shaddock, Cleopatra mandarin, Satsumelo lO-V-3, 
and Sunshine tangelo on sour orange rootstock. 

In tests in which small seedlings were inoculated by means ot Aphis 
citrkidus, sweet orange seedlings appeared to be more susceptible to 
infection than sour orange seedJings. 

The virus was transmitted to small sweet orange plants on sour 
orange rootstock from trees of the following scion-stock combinations 
that showed no evidence of disease: Pera variety of sweet orange on 
Rangpur lime, rough lemon on its own roots, “cravo” tangerine on its 
own roots, and an unidentified citrus tree on its own roots. 

Methods of control that have been used in citrus planting in Brazil 
are (1) inarching with resistant stocks, (2) mounding of the soil around 
the base of the trees to induce the production of a root system from 
the scion variety, (3) top working with lemon, and (4) encouraging 
the growth of sour orange shoots from the stock with the hope that 
they will supply to the root system the necessary food materials to 
prolong the productive life of the trees. For various reasons none of 
these has proved satisfactory for general use. Since a high percent- 
age of the bearing trees of Brazil were on sour orange rootstock and 
most of these have been killed or rendered valuelros, control measures 
in the future will consist chiefly in making new phnitings with trees 
of scion-stock combinations that are resistant to injury. Thus far 
the most satisfactory rootstocks have proved to be sweet orange, 
rough lemon, Rangpur lime, and sweet lime. 
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INHERITANCE OF A GENE FOR NEAR-WILT RESISTANCE 
IN THE GARDEN PEA' 

By W. W. Hare, assistant professor of agronomy and plant pathology; J. Cl Wai^ker^ 

professor of pkmt pathology; and E. J. Delwiche, emeritus professor of agronomy^ 

Wisconsin Agricidtural Experiment Station ^ 

INTRODUCTION 

Fiisarium wilt of gardeti pea (Piswn satwmi L.) was first recorded 
by .Jones and Linford ^ in 1925. In a later paper 'Linford (S) 
described tbe^ disease and the causal organism as Fmmmm orthoceras 
(App. and Wr.) var. pwi Linford. He pointed out that some varieties are 
very resistant to the disease. Wade (10) studied the iiiheritance of 
the resistance to wilt and concluded that it was controlled by a single 
dominant gene. Walker (11) found that resistance to the disease was 
present in many varieties, absent in others, and variable in different 
seed lots of a few varieties. He pointed out that development of 
resistant varieties would involve only pure-line selection in some 
varieties while others would require selection from the progeny of 
hybrids with a resistant parent. Work along both these lines by 
breeders in the following years provided a range of wilt-resistant 
varieties for canning, many of which were adopted widely by the 
trade. 

When wilt-resistant varieties came into general use, a closely similar 
disease was discovered (5, 13) which had been masked appareiitlj^ by 
the more rapidly developing wilt disease. Snyder and W^alker (7) 
described the new disease in detail in 1935 and called it near-wilt 
because of the similarity of its symptoms to those of wilt. They 
designated the causal organism as Fmarmm oxysporufn SehL f. 8 
Snycler. The wilt and near-wilt organisms were designated later by 
Snyder and Hansen (6) as Fiisarium oxysporum f. pisi (Linford) 
race 1 Snyder and Hansen and F. Oxyspormn f. pui (Snyder) race 2 
Snyder and Hansen, respectively. 

Most varieties resistant to Avilt were found to be susceptible to near- 
wilt (S). In a few, e. g., Eogers K and Horal, a moderate degree of 
resistance was exhibited but was not readily fixed by inbreeding. It 
appeared to be polygenic in inheritance and markedly influenced by 

^ Received for publication April 21, 1948. 

^ In the course of this investigation the writers have had the assistance of several 
to whom acknowledgment is due: To P. G. Smith, W. J. Virgin, Leo Muskavitch, 
Don Hagedorn, J. B. Kendrick, Jr,, W. C. Hatfield, and Darrell G. Wells for assist- 
ance in field experiments:, to Eugene Herrling for preparation of the illustra- 
tions; and to Drs. L. F. Graber, J. H, Torrie, and D. C. Smith for counsel in the 
prepa,ration of the manuscript and in".the^ interpretation' of the data. 
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eiivii’Oi 3 meQ.t. One line of breediag material was discovered wMcli 
appeared to have practically complete field resistance to near-wilt. 
A selection of this line was increased and eventually introduced as^a 
near-wilt resistant variety under the’ name Delwiclie Commando in 
1945 (1). Ill order to study critically the nature of inheritance of 
this newly discovered type of resistance to near-wilt and to transfer 
it to other varietieSy crosses were begun in 1942. This paper is an 
account of the inheritance of resistance to near-wilt, a preliminary 
report of which has aheady been made {12). 

METHODS AND MATERIALS 

Field tests were made on soil naturally infested with the near-wilt 
organism, except in 1947. From 1938 to 1942, inclusive, a near-wilt 
plot near DeForest, Wis., was used. From 1943 to 1946, inclusive, 
trials were conducted near Waupun, Wis. This plot was in a field 
mapped for severity of infestation in 1941 when most plants in a 
commercial planting became severely diseased. In 1943, plantings 
were made on May 13 in rows 4 feet apart at about 8 seeds per foot of 
row. In each row, 6-foot strips of Wisconsin Perfection, a variety 
resistant to wilt but susceptible to near-wilt, were alternated with 
18-foot strips de voted to other varieties, strains, or hybrids. Ordinary 
woven-wire fence was erected along the row to support the plants. 
Cultural practices commonly used to produce a canning crop were 
employed. At appropriate times, usually between the early-pod and 
canning stages, the plants were classified as resistant or susceptible to 
near-wilt. When conditions were favorable for disease development, 
as was the case in 1943, no trouble was encountered in making de- 
terminations. 

Under conditions favorable to disease development susceptible 
plants, with the exception of a few scattered escapes, yellowed, wilted, 
and died rapidly. In the field, the xylem was generally brick red in 
color by the tirne the plants wilted. Under less favorable conditions 
the cause of the death of a plant was often questionable, and under 
some conditions susceptible plants showed no signs of disease at any 
time. 

Plantings in 1944 w^ere made on May 15 and 16 in the same manner 
as in 1943. No fence was used. Check plantings were spaced as in 
1943 except where the li^du'id did not involve Wisconsin Perfection; 
then the susceptible parent was alternated with the latter variety. 
Bates of planting and the methods of culture in subsequent years w^ere 
similar to those of 1944. 

In the greenhouse, 12 seeds were planted in each of 8 rows in 
sterilized quartz sand contained in metal pans 3 x 12 x 18 inches in 
dimension. The plants were watered as required with a balanced 
nutrient solution. The pans were placed in Wisconsin soil-tempera- 
tiire-control tanks lielcl at 21° ± 2° C. The air temperature was more 
variable than the sand temperature, but it averaged about 22° C. At 
7 to 10 days after seed was sown the plants were reiroved and the 
taproots were clipped to a uniform length of 1 inch while the whole root 
system was immersed in a heavy suspension of spores and mycelial 
fragments of the near-wilt fungus. The plants were replaced in the 
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pans after iiiociilatioii. Inoculum was gro^ra on a niodificatioii of 
Czapek’s solution in 6~liter flasks placed on a meclianical shaker* 

Disease rat-iiigs were made approximately 3 weeks after iiiociilatioii. 
The segregating lines were compared with resistant Delwiche Com- 
mando and susceptible Wisconsin Perfection in each pan. 

EXPERIMENTAL RESULTS 

RESISTANT PARENT 

In the course of screening several hundred breeding progenies for 
resistmice to near-wilt it was noted that one line (738-49) remained 
practically free from near-wilt on the DeForest plot, while such wilt- 
resistant varieties as Wisconsin Perfection succumbed completely. 
When the former line was increased it maintained the same high 
degree of resistance and it was e ventually released as Delwiche Com- 
mando. Line 738-49 was derived from a cross lietweeti Pride, a near- 
wilt susceptible variety, and a breeding line, 732-66-1. The latter 
was an F3, progeny from a cross between two lines of Admiral. A mass 
increase of 732-66-1, tested in 1938, yielded 75 percent resistant and 
25 percent susceptible plants. Of seven single plants selected from the 
last-mentioned resistant group tested on near-wilt soil, the progeny of 
one contained 100 percent susceptible plants, and those of five segre- 
gated at ratios closely approximating 3 resistant to 1 susceptible. 
Three single-plant selections from the last-mentioned segregating lines 
segregated in the same ratio in 1940. It was apparent, therefore, 
that the near-wilt resistance in 738-49 had been derived from the 
732-66-1 parent. Furthermore, there was a strong indication that 
the resistant character in this line was controlled by a single dominant 
gene. 

FIELD TRIALS WITH HYBRID PROGENIES 

In order to transfer this type of resistance to other canning types 
and to determine its mode of inheritance, 738-49 was crossed with 
numerous other vaiueties. The initial study of inheritance reported 
herein was concerned primarily with crosses between 738-49 and four 
wilt-resistant, near-wilt susceptible varieties, Wisconsin Perfection, 
Perfected Wales, Merit, and Penin. The last two varieties had been 
derived from a cross between Horal and Prizewinner. They each 
contained a moderate amount of resistance to near-wilt characteristic 
of that which, as already mentioned, was noted earlier in Horal. 
This latter ty|ie of resistance wms not linked with the type of resistance 
in 738-49, but, as will be noted later, its expression in hybrid materia] 
sometimes obscured that of the resistant character from 738-49. 

In the fall of 1942, five sister Imes of 738-49 designated as 738-49/1, 
II, III, IV, and V were crossed with Wisconsin Perfection, Perfected 
Wales,’ and Merit and 738-49/1 wasyxossed with Peiiiin The Fi gen- 
eration of these crosses was grown in the greenhouse in the spring of 
1943. From the resulting seed, F2 progenies were grown on the 
Waupiin plot. The near-wilt disease appeared during the first week 
in July. On July 16, all the plants in Wisconsin Perfection controls 
were wilted or dead except for a few in one corner of the plot. Most. 

^ KNO 3 , 3.0 gm, ; KH2PO4, 1.0 gm.; MgS 04 . 7 HaO, 0,5, gm.; KCl, 0.5 gm.; 
FeS 04 , trace; dextrose, 30 gill.; water, 1,000 ml. 
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of tlie escapes had definite symptoms of near-wilt by July 20 altlioiigli 
many of tlieni were not dead. Progeny tests with seed from the 
oc;*casioiial healthy survivors yielded plants 100 percent of which 
becaiiie diseased when tested in 1944^ showing that the healthy plants 
in the controls were escapes. Four counts of diseased plants were 
made, the wilted ones being discarded at each reading. The results 
are presented in table 1. 


Table 1. — Occurrence of near-wilt in Fo progenies from crosses hetween resistant 

and susceptible lines 


Cross 

No. 

Parents 

Plants 

July 9 

wilted 01 

July 12 

1 date in 

July 16 

dieated 

July 20 

Total 

plants 

wilted 

Total 

plants 

healthy 

Chi- 

square for 
goodness 
of-fit to 
3:1 ratio 



Number 

Number 

Number 

Number 

Number 

Number 


C 125 

Perfected Wales X 73S-49/I.„ 

5 

5 

36 

29 

75 

197 

0. 83 

C 129 

Perfected Wales X 738-49/11 

2 

4 

7 

0 

13 

47 

.20 

C 132 

Perfected Wales X 738-49/III 

7 

1 

10 

0 

IS 

33 

2. 36 

G 135 

Perfected Wales X 73S-49/IV, . 

3 

0 

11 

0 

16 

30 

1.86 

C 138 

Perfected Wales X 738-49/ V. 

1 

0 

18 

2 

21 

5S 

. 04 

C 126 

IVlerit X 738-49/1 

6 

0 

5 

10 

21 

94 

2. 44 

C 130 

Merit X 738U9/II 

4 

1 

9 

0 

14 

25 

1.92 

C 133 

Merit X 738-49/III 

12 

0 

4 

3 

19 

28 

5. 17* 

C 136 

Merit X 7;iS-49/IV L 

0 

0 

8 i 

1 

9 

28 

(') 

G 139 

Merit X 738-49/ V .-1 

0 

0 

3 i 

2 

; 5 

27 

1 . 04 

G 127 

PenlnX73S-49/I 

11 

1 

69 

3 

; 84 

150 

14. 25** 

C 128 

Wisconsin Perfection X 738-49/1 

23 

7 

49 1 

5 

^ 84 

234 

. 27 

C 131 

Wisconsin Perfection X 738-49/11... 

1 

2 

10 j 

0 

13 

45 

!o9 

C 134 ’ 

Wisconsin Perfection X 738-49/111. 

7 

0 

8 1 

0 

15 

43 

(') 

C 137 

Wiseonsin Perfection X 738-49/IV. . 

10 

4 

7 

0 

21 

41 

2.15 

C 140 

Wisconsin Perfection X 738-49/ V... 

15 

4 

4 : 

0 

23 

59 

.26 


738-49/1 ■ 

-.0 

0 

4 

1 

5 

2 500 



738^49/11 - 

0 

i 

0 1 

16 

0 

16 

2 500 



738-49/IIL., 

0 1 

0 


1 

8 i 

2 500 












♦Significant, 5-percent level; **sigTi{ficant, 1-percent level. 
J Value for Chi-square less than 0.01. 

^ Approximate number. 


Three sister lines of 738-49, one of which was later released as Del- 
wiche Commaiido, were grown along with the F 2 progenies. The 
738-49 fines were highly resistant to the disease except for 1 to 3 
percent of the plants which wilted and died with symptoms that 
resembled but were not entirely typical of those of near-wilt. One of 
of the 738-49 lines is shown in figure 1, adjacent to the susceptible 
Wisconsin Perfection control. Fourteen of the 16 F 2 progenies 
showed a good fit to the ratio of 3 healthy plants to 1 diseased. Wlien 
the crosses were made, the seeds from aU pods that set in a given cross 
were bulked. An occasional pod may have resulted from self-polli- 
nation of the susceptible parent. This may account for the poor fit 
in Cl 27, which was due to an excess over the expected number of 
susceptible .plants. 

Selections were made from the surviving F 2 plants in 1943. Some 
of these were planted in the greenhouse during the following winter. 
The resulting F 4 generations and the remnants of F 3 progenies were 
planted in the disease plot near Waupnn in 1944. Near-wilt did not 
appear in the plot until the second week of July. Disease notes were 
taken on July 17; 20 , and 24. The reactions of the F 3 familes in 1944 




■‘V'-.'-yi'll 

x:.^Lr,%r:J: 


^> 4 .' 






Figuke L — Peas grown on soil naturally infested with Fusarium oxijHporum f. 
fisi race 2 near Waupun, Wis., in 1943: ^4, Wisconsin Perfection, susceptible; 
B, 738-49/1, resistant, a sister line of which was increased and released as a 
new near-wilt resistant variety, Delwiche Conirnando. 


are summarized in table 2. Since the susceptible plants were dis- 
carded in the F2, segregation would be expected to be in a ratio of 1 
resistant progeny to 2 segregating. According to the Chi-square test, 
15 of the 16 crosses showed a good fit to the 1:2 ratio. There w'ere a 
few progenies that were completely susceptible, mdicating that an 
occasional susceptible plant escaped in 1943, as has already been 
pointed out with respect to the susceptible controls. There was a 
total of 10 such progenies, 3 in one cross, 2 in 3 other crosses, and 1 in 
a sixth cross. In each of these Merit or Penin was the susceptible 
parent. 

The reaction of F4 families from heterozygous F2 plants in the 
various crosses may be seen in table 3. Excluding cross Cl 27, 13 
of the 15 crosses showed a good fit for a 1 ;2: 1 ratio, and 53 of the 59 
groups of families from individual Fj plants were a good fit to a 1:2:1 
ratio. In the Cl27 cross which had Penin as the susceptible parent 
there was a large number of very late-maturing segregates. Since 
near-wilt symptoms do not appear commonly until very near the 
physiological maturity of the plant (5), it w’as impossible to make 
accurate readings in these late-maturing segregates because low aver- 
age temperature retarded development of near- wilt. Furthermore, 
secondary resistance derived from Penin may have caused some 
masking of susceptibility. In the other two crosses which deviated 
significantly from a 1:2:1 ratio, the deficiency was in the susceptible 
class. It is possible that classification in these was affected by re- 
tarded near-wilt development, although such was not so evident at 
the time as in the case of C127. 
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Table 2. — ReacMo-m of Fs 'progenies on near-wilt soil near Wanpun^ BTs., m 1944; 
susceptible plants discarded in F 2 


Susceptible parent 

Cross imiuber 
or variety 

Total 

progenies 

Progeiiii. 

Resistant 

s in class i 

Segj'e- 

gating 

idieated 

>Snse.ei)t- 

il)le 

0 1 li- 
st iu are 
for 

goodness- 
of ‘fit, to 
1:2 ratio 



Niimher 

Number 

Number 

Number 



rci25 

22 

(> 

16 


0. 14 


0129 

25 

9 

16 


. 01 

Perfected Wales. ... ... 

|ci32 

21 

(i 

15 


. on 


0135,. . 

10 

3 

7 


C) 


[0138 

5 

1 

4 


. 03 



2 70 

2 


68 



Wisconsin Perfection 

33 

1 


32 



fCl26 1 

23 

3 * 

is 

a 2 

2. 63 


0130 

13 

4 

7 

a 2 

(0 

Merit . . _ 

J,C133 

20 

6 

14 


. 01 


0136. 

15 

2 i 

10 

a"3l 

. 84 


[C139 

16 

7 

8 

»1 

. 68 


Merit 

68 

6 


62 



Wisconsin Perfection _ 

28 

0 


28 


Penin 

0127 

29 

8 

19 

a 2 

. 04 


LV^iseonsin Perfection . 

69 

1 i 


68 



rci28,,., .. 

37 


31 


4. 14* 


0131 

33 

9 ' 

24 


,31 

W iscon ‘sin Perb 'ct m 

■0134 

5 

0 



1 . 23 


0137 

4 

0 

4 


.78 


10140 

5 

1 

■1 


. 03 


W iseonsin Perfection 

146 

5 

— 

14 1” 



*Signiflcant., 5 percent. 

< Valuta for Clii-square les.s t:iian 0.0.1. 

2 Individual plants tabulated insusceptible checks. 

Probably from susceptibk^ eseai)es in tlie F2 progeny in 1943. 


Table 3. — Reactions of F4 progenies from heterozygous F 2 plants on near-vriU soil 
near Watipun, TF/s., m 1944 


Susceiitable iiarent 

Oross lunnlicr or variety 

.Fa 

plants 

Total 

riroge- 

nies 

Progt'ni 

Resist- 
tan t 

\s in elas 

Sc^gre- 

gating 

indicatotl 

Siustjei)- 

tiblo 

Chi- 
S(iuar(‘ 
for good- 
ie ‘ss'of-lit 
to 1:2:1 
I’atio 



■ 

Numhcr 

NumlK'.r 

.Number 

Number 

Number 



fOl25 

3 

57 

16 

22 

19 

3. 28 


0129 

3 

68 

20 

32 

16 

.71 

I*ei*f(icted Wales 

40132 

5 

125 

38 

69 

18 

7. 75* 



2 

44 

17 

19 

H 

4. 50 


10138 , 

4 

72 

31 

26 

15 

12. 07** 


Perfeclod Wales , 


1 283 

8 


275 



Wisconsin Perreclion, . 



281 

5 


276 



fOl26 „ .. 

2 

44 

11 

23 

10 

.14 


(1130 

4 1 

90 

28 

41 

21 

LHO 

M'erit 

-{0133 

6 

117 

23 

(K) 

34 

i;i 

2, 1 5 


(1136. 

4 

75 

22 

4(') 

2 ! 49 


UT39 

■3 

58 

15 

I 30 

13 

.21 


Merit- 


283 

34 


249 



Wisconsin Perfection 


403 

5 


398 


Penin.,,..,.,... 

0127.., 

11 

228 

94 

I 94 

40 

32. 6(1 *■* 


Penin... ... 


241 

9 


232 



Wisconsin Perfection. ,, 


174 

1 


173 



fCl28..- 


126 

28 

63 

35 

'.78 


C131 

6 

90 

24 

44 

. .22 

. 13 

Wisconsin Perfection.. 

4cm 

5 

123 

30 

64 

29 

.22 


0137:.- 

4 

92 

■ 28 

45 

19 

1.80 


10140 - 

■ . 4 ■ 

93 

29 

. "46, 

' 18 

2, 61 


Wisconsin Perfection, 


■ 627 

■ 37 


590 











^Significant, fi-pereent; *’*' significant, l-percent. 

1 Individual plants tabulated in susceptible checks. 
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The only Fi which was tested on diseased soil was that of cross 
Cl4h tested in 1944. On July 24, the last date on which readings 
were made that season, all 26 plants of C141 were healthy while 60 
plants of the resistant parent (738-49/1) on one side of the Fj were 
healthy, and 50 plants of the suceptible parent (lot, 23) on the other 
side had wilted and 4 were healthy. In this case, then, resistance was 
completely^ dominant in the Fi, as would be expected from the type 
of segregation in Fo. 

It has been pointed out that, environment being favorable, the 
onset of the near-wilt disease in the field is delayed until shortly before 
the plant approaches physiological maturity. Since canning peas 
usually mature quite rapidly and since the plants dry out as the seeds 
become ripe, the normal period for the development of the disease is 
short. Moreover, environmental conditions have a marked effect on 
disease development. In 1945 the season was moist and cool througli- 
out and very little near-wilt developed on the same plot where excellent 
results were obtained in 1943 ancl in 1944 with the exception of the 
late-maturing progenies. 

Resistant selections from cross Cl40 (table 3) were crossed with 
several susceptible varieties and the Fi was gro'wn on near-wilt-free 
soil in the field in 1945. The F 2 progenies were planted on the Waupun 
near-wilt plot in 1946. Near-wilt developed abundantly, but severe 
drought and hot weather preceded appearance of symptoms and so 
hastened plant maturity that it was impossible to distinguish signs of 
near- wilt from those of premature ripening. An attempt was made 
to record the healthy and diseased plants in the F 2 progenies, although 
accurate classification was not possible. The results are presented in 
table 4. Twelve of 19 progenies did not show a good fit to a 3:1 ratio. 

It became apparent, after field trials for four successive seasons on 
the Waupun plot that seasonal environment so influenced the expres- 
sion of near-wilt that accuracy of disease readings might be impaired. 
In two seasons, 1943 and 1944, conditions were favorable for the full 
expression of near-wilt. In the following seasons readings were im- 
paired in one case by premature maturation caused by excessive 
drought and heat, and in the other case by too low average tempera- 
ture. In 1947, an attempt was made to intensify disease development 
by planting seed in heavily inoculated field plots at Madison, Wis. 
doncentrated inoculum of the near-wilt organism was applied in four 
ways: (1) Heavily infested soil in the row under the seed; (2) heavy 
liquid suspension of spores and mycelium in the row under the seed; 
(3) application of a suspension after (2) to the soil near the roots 
when plants were 6 inches high, and (4) when plants were 12 inches 
high. No diseased plants resulted even in susceptible progenies. 
Very few diseased plants developed in a susceptible variety on the 
W'aupun plot the same year. The uncertainty of field analysis^ of 
progenies segregating for resistance thus became a decidedly limiting 
factor in this study and in a concomitant breeding program of devd- 
oping near-wilt-resistant varieties. For this reason the possibilities 
of greenhouse testing were explored. 
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Table 4. — Reaction of the F 2 progenies on near-ioilt soil near Waupun^ Wts., in 1946 
ami in greenhouse tests: and of progenies in greenhouse tests 


Cross 

Puroiits 

F 2 in field, Waupun, 1940 

Fa in greenhouse 

F;! in grecM’ilioiisi' 

Resist- 

ant 

plants 

Siisc*(!p- 

tible 

plants 

Chi- 

stmare 

for 

goodness- 
of-fit 
to 3:1 
ratio 

Resist- 

ant 

plants 

Suseei)- 

tible 

plants 

Ohi- 

sriuure 

for 

goodness- 
of-flt 
t,o 3 : 1 
ratio 

Resist’ 
ant/ 
plan I, s 

Suscc^p- 

tible 

plants 

Chi- 

scpiare 

for 

good ness - 
of-fit, 
to 5 : 3 
rat/io 



Num- 

Nim- 


Num- 

Nnm- 


Ninn- 

Num- 




ber 

ber 


her 

her 


ber 

ber 


Cl .5(1 


143 

85 

17.69** 




20 

18 

1. 19 

C151 

737-1 X 0140, 

259 

148 

27. 43** 

16 

4 

6. 07 

72 

52 

.86 

C152 

5:n-:i2 x cue 

459 

300 

84. 64** 

16 

4 

.07 

43 

22 

.23 

Cl 56 

741-33 X 0 140... 

387 

75 

18. 47** 




123 

12 

45. 94** 

Cl 57 

532-6 X Cl 40 

145 

50 

.02 

14 

4 

C) 

50 

27 

. 10 

C158 

733-7 X C140 

211 

61 

.83 

16 

4 

. 07 

50 

31 

(D 

Cl 59 

739-22 X Cl 40 . 

243 

54 

7. 00** 




22 

24 

3. 62 

C160 

Lot 10 X C1.40 

339 

190 

33. 04** 

21 

2 

2.45 

64 

45 

.51 

C16I 

Lot n X 0140 . 

i 175 

25 

16. 01 ** 




43 

19 

. 97 

0162 

Lot 12 X C140. 

• 56 

19 

(') 

. 69 







Cl 6:1 

Lot 13 X 0140 

109 

30 




30 

16 

. 05 

0164 

Cull 1:1 or King X 0140... 

217 

67 

.23 




39 

13 

2. 95 

C165 

Pride X 0140 

91 

39 

1.48 




34 

18 

.08 

0166 

Lot 23 X C140_.. 

; 126 1 

60 

4. 85* 

■■"" 2 T 

y 

1.61 

47 

38 

1.59 

C167 

733-23 X 0140 . 

75 1 

4 

15. 70** 




40 

17 

1. 12 

Cl 68 

733-42 X 0140 

41 

1 

10. 29** 




9 

9 

. 73 

Cl 69 

Alderman X C140 

683 

115 

47. 16** 

”'"96* 

”” 32 " 

0) 

16 

9 

(') 

Cl 71 

J^rinee of Wales X 











0140 

! 251 

76 

.45 




47 

16 

3. 44 

Cl 74 

744-12 X 0140 . .. 

339 

139 

4. 03* 







C178» 

lAiyalty X Delwiche 











Commando 




52 

17 

(■) 




i 







i 



*Signiflcant. 5-perccnt; **signlOcant 1-porcent;. 

1 Value for Chi-square less than 0 . 01 . 

2 Total of 2 trials (50 : 10 and 46 : 22) made 1 month apart. 

2 Cross made in 1946. 

GREENHOUSE TESTS 

It was sliown by Virgin and Walker (9) tliat near-wilt develops 
more slowly than wilt in the greenhouse over a range of soil t.ein- 
peratures. Schroeder and Walker (4) showed that as tlu^ ttunpcu-a,- 
tures of wilt-inoculated quartz sand increased, the diseast^ iiua'castnl 
up to about 28® C. and as it approached the opt iiniirn, va.i‘ieti(^s per- 
fectly resistant to wilt in the field succuinhed. In S(‘t4ing up grt'cn- 
house t-(‘st.s for near-wilt it became necossaiy t-o d(‘t.(U*niin(' a scd of 
controlled and readily reproducible coiiditi()ns undtu* whi(‘.h repcqited 
tests (‘ould be made. The numerous tt^st.s mad(‘- with I)(dwi(h(‘, 
Coimnando and Wisconsin Perfection varieties to d(d.(M*inin(^ a. slainhird 
teclmki lie will not be presented in detail. Soil as a sul)stj‘a4(‘ was 
found to be unreliable^ and rapid disease devdopnuMit was not a,t.- 
tained. Quartz sand inoculated by the method of S(‘lu*oed(‘r and 
Walker (4) did not give rapid or consistent results with near-wilt. 
Increase of temperature toward the optimum (28®) resulted in erratic 
disease development in Delwiche Commando. More (‘onsistent re- 
sults were secured with plants grown in sand until 2 inches higlp 
removed for inoculationj and replanted. Dipping the root.s in con- 
centrated inocuhim did not give as rapid nor as (‘onsisient results as 
clipping the taproot uniformly to 1-inch hmgth whik^. the entire root 
system was immersed in the inoculum. This method gav(‘. (lie most 
satisfactory results wlu'u the sand temperature was k('pt, at 21®. 
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Figxjbe 2. — Peas grown in sterilized quartz sand at 21° C. and inoculated with 
Fusarimn oxysporuM f. pisi race 2. Odd-numbered rows, Delwiche Commando, 
even-numbered, Wisconsin Perfection. Rows 1 and 2, inoculated by dipping 
roots in spore suspension; row^s 3, 4, 7 and 8, inoculated by clipping taproots 
to 1 inch with entire root system immersed in suspension; rows 5 and 6, un- 
inoculated. 

A comparison of the last two methods is illustrated in figure 2, 
The cut-root dip method was used for all subsequent greenhouse 
progeny tests. 

Since the 1946 field trials with F2 populations did not confirm those 
of 1943, remnants of F2 seed were planted m the field plot in 1947 and 
seed of single F2 plants was saved. Inasmuch as near-wilt did not 
appear in the 1947 plot, no elimination of susceptible plants occurred. 
Since limitation of space prohibited testing each individual 1947 
plant progeny in the greenhouse, two seeds were taken from each 
F2 plant and bulked to form an F3 population representing each F2 
plant. If the two seeds selected in the heterozygous families were at 
random, then segregation based on a single-gene difference between 
parents would be expected in a ratio of 5 resistant to 3 susceptible 
individuals. Some F2 seeds from a few of the crosses were still avail- 
able, as were larger amounts from crosses Cl69 and C178. These 
lots were also tested by the greenhouse method. 

The results of the greenhouse trials are presented in table 4. Seven- 
teen families were tested in the F2 at Waupun in 1946 and in the F3 
in the greenhouse. In the 1946 season, which was unfavorable for 
disease evaluation 11 families deviated significantly from the ex- 
pected 3:1 segregation. Under the much more exacting greenhouse 
test, 16 of the families segregated close to the expected 6:3 ratio. 
The deficiency in susceptible segregates in 741-33 X 0140 in both 
field and greenhouse has not been explained. In seven families tested 
in the F2 in the field in 1946 and in the greenhouse, five deviated 
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significantly from tlie expected 3 to 1 in the held while all sliowed a 
good, fit in the gree,iihouse. 

TIk' gi‘e(‘n!iouse results confirmed the held results of 1943> jind 1944 
in showiiig that crosses of susceptible varieties witli a resistant, panait 
which was (‘xt.nacted from one of the original cr()ss(‘s yichhal (*on finn- 
ing 3:1 segregation in, the Fo and 5:3 in the F^. They also showcal 
concliisively that a rehitively simph' greenhoii^ techni(jiu‘ can he uscal 
to differentiate iiidividaals in segre gating progeiiies in4(> dis(‘ontlnuoiis 
near-wilt-resistant and near-wilt-siisceptible classes. Fiihl t.('sts for 
this purpose are often unreliable because of the short pcu’iod of com- 
plete near-wilt expression and the great liability that unfavorable 
environment will preclude accurate differentiation. 

DISCUSSION 

There are several factors wliicti complicate the separation of pea 
plants into resistant and susceptible classes on the basis of I’eactioii to 
near-wilt. One of these is the presence of a secondary type of resist- 
ance in some varieties such as Eogers K and Horal. This type of 
resistance whl often cany tlirough. when conditions foi- disease devel- 
opment are below optimum, and under favorable conditions will retard 
development of the disease as compared to that in varietit^s like 
Wisconsin Perfection which do not possess the secondary resistance. 

With favorable conditions for disease development a small per- 
centage of diseased plants appeared consistently in the resistant 
parent line. The symptoms, however, differed from tliose of near- 
wilt in that there was more cortical rotting of tlie roots and slower 
dying of the leaves in contrast to the rapid unilateral ycJlowing, 
wilting, and dying of typically diseased plants. On the other hand, 
in all field trials thus far there have always been occasional escapes in 
susceptible varieties under the most favorable conditions for near- 
wilt. Diseased plants in resistant progenies and escapes in susceptible 
varieties have hc'cii recognized in pure-line material. Undoiibtedly, 
in combination with other factors they have affiavtcd the accuracy of 
classiiication of sc'gi-egating progenies. 

The most distui4)ing influence on accuracy of <'la.ssificatlon has Ixam 
that of environmc'.ntal factors. Tlu^ most important of thesis factors 
has been cool wcaitluu’ which favored mild d(‘-V(4.opimMit of th(‘, discaisii 
and a large miinber of escapes. While tlu^ optimum for wilt, in tlu^ 
field is 22^ 0., that for near-wilt is from 24^^ t.o if)). Near-wilt 
develops more slowly than wilt when ea<*h ar(' at tlu'ir r('sp(U‘tiv(‘ o])(,i- 
mum. The delayed appearance of near-wilt is also influcuKual by tlu^ 
fact that varieties differ in the rate of disease (hwciopimud.* tlu‘ 
disease progressing more slowly in later-maturing variiiles. The 
high tem.perature needed for optimimi disease development aaid tlu^ 
association of the latter with approaching host maturity shortems the 
period dining which symptoms are expressed. This is illustratiul in 
figure 1, where it is to be noted that although all plants of tlu^ suscep- 
tible variety were dead, they had produced as many and as large 
pods as the resistant variety before they sucoiim bed. TIic first symp- 
toms in this case were noted during the first week in July and when 
the photograph was made on July 12 all susceoti We plants were dead. 
A hot; dry season like that of 1946 may disturb classification of 
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pknts as badly as a cool season because healthy plants mature and 
die so qiiickdy after the appearance of near-wilt that it becomes im- 
possible to distinguish those killed by drought from those killed by 
near-wilt. " ■ 

The method of testing* used in the greenhouse aho has disadvan- 
tages. Besides the obvious limitation in amount of material that can 
be handled, resistance may break down som.ewhat with the treatment 
reciuired to produce satisfactory elimination of susceptible plants. 
The diflkuence between the resistant and susceptible classes was too 
small at 24° C. while at 21° it was usually sufficient for practical pur- 
poses (tig. 2). However, even at the latter temperature some varia- 
tion in severity of disease. occurred between runs, but the reasons are 
not understood. To compensate for this variation, classification of 
segregating material was always in.ade in reference to known resistant 
and susceptible varieties grown in the same pan. 

General observations and surveys of the canning crop in Wisconsin 
have shown variations in amount of near- wilt from season to season 
in those areas where it occurs in conformity with the variations 
recorded here. Although several recent seasons have been unfavor- 
able for its development, near- wilt remains a major disease of the 
canning crop in Wisconsin and seasonal variation in weather may 
provide m.ore nearly optimum conditions in future jmars. Since the 
resistance now available in line 738-49, unlike wilt resistance, does not 
occur naturally in any of the commercial varieties tested, desirable 
types with near-wilt resistance will have to be developed by hybridi- 
zation. Since the high degree of resistance in the 738-49 line is 
shown to be controlled by a single dominant gene, greatest progress 
can probably be made with the application of the controlled green- 
house testing technique described herein for the screening of breeding 
m.aterials for near-wilt resistance. 

SUMMARY 

A high type of resistance to near-wilt of garden pea, incited by 
Fusarmrn oxysporum f. pisi race 2, is described. This resistant char- 
acter was apparently inherited from one of the Admiral selections 
used as parents of strain 732-66-1 in which resistance was discovered. 

Evidence from the F2, Ik, and F4 generations of one set of crosses, 
and from the F2 and Fg generations of a second set of crosses involv- 
ing resistant selections from the first group shows that the inheritance 
of resistance is dependent upon a single dominant gene. 

Difficulties in testing for resistance to the disease under field con- 
ditions over a period of years are indicated. A method of testing with 
controlled environment and inoculation in the greenhouse is described. 
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SOME ASPECTS OP THE LONGITUDINAL GROWTH OF 
BROMEGRASS FRUITS ' 

By Ibving Wiixiam Knob loch ^ 

Associate professor of biological science^ Michigan Agricnltural Experiment Station 

INTKODUCTION 

Although the growth of many plants and plant organs has been 
extensively studied, little research seems to have been directed toward 
the growth of grass fruits. This aspect of growth is important in 
view of the large economic value of the fruits of the Gramineae and the 
possible use of such information in agricultural practice. 

In 1920 Harlan working on Hannchen barley, made a study of 
the growth of grass fruit from flowering to maturity. He found that 
most of the growth of the kernel was made in the first 3 days after 
pollination. The growth curve showed a sharp rise at first, a leveling, 
and then a small dip at the end. Half the growth in length was made 
from the second to the fourth day after fertilization, and in 7 days 
maximum length had been attained. After the peak was reached, 
there was a gradual falling off toward maturity. 

Pope (8) reported that in barley kernels growth limitation is largely 
due to starch congestion. Such large amounts of starch are stored in 
the endosperm cells that mitotic division ceases. Deposition of starch 
in amounts sufficiently large to hinder cell division places a limit on 
the maximum size of the kernel. 

Harlan and Pope (5), in a study of growth in immature barley ker- 
nels removed from the plant, noted that the endosperm and embryo 
grew at least 8 days after the heads had been harvested. The ex- 
planation offered for this was that food materials passed from the 
severed culm into the developing fruit. The fruits were almost 4 mm. 
long 2 days after pollination, 6 mm. long after 3 days, 8 mm. after 
4 days, 8.8 mm. after 5 days, and by the end of the seventh day the 
plumule and radicle were visible. 

^ Received for publication March 30, 1948. Journal article No. 956 from the 
Michigan Agricultural Experiment Station and contribution No. 20 from the 
Depart meht of Biological Science. . - 

2 The writer wishes to thank Victor R. Gardner, director of the Michigan 
Agricultural Experiment Station, and Dean Howard G. Rather, of the Basic 
Cbllege, for encouragement during the pursuit of this project. The writer is 
indebted also to Prof. Roy E. Decker, head of the Farm Crops Department, 
Prof Eugene H. Lucas, Prof. Carter Harrison, and Prof. Irma M. helber for 
needed facilities; to Prof. Boyd R. Churchill for the use of plant materials from 
his experimental plots; and to Prof. Hubert M. Brown for helpful criticisms of the 
manuscript. The Botany Department under Dr. E. A. Bessey furnished some 
needed materials. 
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Booth (i) reported that growth in length of the oat kernel was most 
rapid during the first 6 days after pollination. It then became more 
gradual until the fifteenth day, when the maximum was reached. 

MATERIALS AND METHODS 

Fruits were collected during 1945 and 1946 from 50 mature plants 
of smooth bromegrass iner mis Leyss.) of the Aclienbacli 

strain growing in the Farm Crops nursery at East Lansing. The 
plants used represented a fairly random sample of the huiidreds of 
plants ill the nursery. Individual spikelets were tagged when the 
basal floret on each came into anthesis. Tagging proceeded during 
most of the flowering period of the plots, and specimens were col- 
lected each day after the first day of tagging, thus “a 1-day-old fniit^^ 
was collected 24 hours after pollination. It is highly probable, as 
pointed out by Nielsen (7), that fertilization takes place 15 to 18 
hours after pollination. Although the author (6') had previously 
sliown that, under favorable conditions, t.he anthesis of florets in a 
bromegrass spikelet proceeds evenly, the basal floret opening first, 
followed the next day b}^ the one above it, and so on apically until the 
sterile floret is reached, the variable climatic conditions of 1945 and. 
1946 made it unsafe to proceed on this basis. Accordingly, only the 
basal floret or fruit was removed in each case. As these were col- 
lected, the fruits were immersed in strong Navashin (Ci'af) solutions, 
as outlined by Sass (9). Evacuation of the air in the fruits was 
followed by direct measurements with a millimeter rule placed under 
the 32-mm. objective of a dissecting microscope. Fruits were measur- 
ed from their base to their apex, omitting the protruding lia-irs, 

PRESENTATION OF RESULTS 

In 1945 measurements were made on a tentative basis and were 
carried only up to the fifteenth day after pollination. Tlu^ measuiu'- 
ments for 191 fruits for this period are shown in table 1. No 9-(lay-old 
fruits were ol:)ta.ined in this year. The length of the l-day-old IVuit^s 
was approximately that of the ripe ovary, which is und(‘rst:a.ndabl(^ 
when one considers that fertilization ocavurred 6 to 9 hours Ixdore 
gathering. 

During the first 15 days the fruit grew from a hvngth of 1.5 iiim. to 
9.5 mm. Growtli was slow at first, only 0.4 mm, or* 5 jxa-ci'nt, of the 
total growth. oc(‘urring in the first 4 days (tat)le 2). Fi'oin t.lu^ fourth 


Table I.- — Average rnectmrenierits oj the length oj develxrpm^^ hromegra<^>^fruiL^ in 10/^0 


I)ay„.N.o. , 

.Fruits 

AvoraRi* 

length 

Day No. 

Fruits 

.\ v('ra,e'{‘ 
lenuth 



Number 

16 

If) 

15 
14 
.12 
14 

16 
12 

Mm, 

1.5 

1.6 
1.7 

1. 9 
5.4 
6.6 

1 7.6 

■ 7.-8. 

9 : .. ... . . 

Niimher 

0 

15 

18' 

. 15'.: 

1„8 

6 

6 

Mm... 

9. 

10 . u . . .. ... 

8. 9 
9. 0 

8.7 

8.8 
9.6 
9.5 



"'ll . ' 



12 

5- 

13 

6,.--. 

14'. ... 

7.--™ 

16 

8. 

■ '1 
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Table 2, — Periodic increases in length, by percentages, of bromegrass fruits in 1945 


Days 

Increase 
in growth 

Percent- 
age of total 
increase 

Days 

Increase 
in growth 

Percent- 
age of total 
increase 

1-4 J 

Mm. 

0.4 

3.5 

3.5 

5.0 

43. 75 
43. 75 

10-15 

Mm. 

.6 

7. 5 

4-5 

Total- _ 



8.0 






to the fifth day, however, growth was very rapid, that is, 3.5 mm., or 
43.75 percent, of the total gain in length. Similar growth w^as made 
from the fifth to the tenth da,y, but only 0.6 mm., or 7.5 percent, was 
made the last 5 days. 

The upper curve of figure 1 shows the growth of the 191 fruits. 
This curve, based on the data in table 1, show'S that early slow growth 
was follow^ed by a period of greatly accelerated increment and then by 
a gradual slowing down. 

In 1946, a more intensive study was conducted on 225 fruits. The 
measurements of these fruits are given in table 3. These were carried 
through to the twentieth day but some days are not represented. In 
most cases failure to collect was due to the fact that the desired fruits 
did not develop. Some inconsistencies in average length on certain 
days may be noted. These have been due to sampling errors or to 
fluctuations in climatic conditions, or both. The fruits grew from 1.6 
mm. to 9.8 mm. and at maturity measured only 8.5 mm. The de- 
crease in length at maturity may be explained as a dehydration phen- 
omenon normally accompanying the final maturing of the fruit. 

Table 4 reveals that, as in 1945, growth was slow at first. During 
the first 3 days the fruits grew 0.7 mm., or 8.5 percent, of then total 
length. From the third to the fifth day, they grew 6.5 mm., or 79.3 
percent; from the fifth to the ninth day they grew^ only 1.0 mm., or 
12.2 percent, while from the ninth to the twentieth day they showed 
a negative growth of —1.0 mm, * ^ 

The lower curve of figure 1 demonstrates the progress in growth in 
1946 fruits and shows the same general features exhibited by the 1945 
curve. It is apparent that acceleration in the rate began earlier in 
1946 than in 1945 and proceeded somewhat more rapidly during 
the early period. In comparing the two curves with the percentages 
in tables 2 and 4, it can be seen that in 1945, 48.75 percent of the growth 


Table Z.— Average measurements of the length of developing bromegrass fruits in 1945 


Day No. 

Fruits 

Average 

length 

Day No. 

Fruits 

Average 

length 

1 ... ... . , . . 

Number \ 
10 

1 

5 

40 

14 

15 
11 

0 

13 

13 

Mm. 

1.6 

3.7 
2.3 
6.1 

8.8 
9.6 

9. 6 

■in. ........... 

Number 

8 

4 

0 

68 

0 

, 17 

0 

0 

0 

6 

Mm. 

8. 4 
. 8.7 

2 

12 

3 ■ ■ ■ ' - ■■ 

13 

4 ■ 'A ■■■ -- 

.14_.--„.. 

9.3 

■5''" 

15.. 

6' ■ '■ - 

..16„-. 

9. 6 

7 .. . 

■17-----,....-. 

8 . .. 

18 - 


9 ■ ' 

9.8 

7.8 

19-,- ■ - ------ 


•10. . - - ' ■ ■ 

20 ----,-.-..-—. 

8,5 
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had occurrexl by the end of the fifth day. In 1946, by the end of the 
fifth day 87.8 percent of the grOAvth had occurred. 

Since weather cond.itions affect the rate of growth , a. siimmary 
of the weather (conditions prevailing in the East Lansing area in June 
and July of 1945 ajid 1946 is given (table 5). The dafa show that 



Figure 1. —Growth curves of brouiegrass fruits in 11)45 and 1946. 

during these 2 months of fruit development, the temperature was 
higher in 1946 than in 1945, if one adds the accumulated excess for 
the, 2.. months un each case. .There was , also less deficiency; in .pre- 
cipitation and a higher percentage of the possible ^ sunshine in 1 946 
than in 1945. These differences in climatic conditions may account 
for the differences in the growth curves. 
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Table 4. — Periodic increase in lengthy by percentages^ of bromegrass fruits in 194b 


Days 

Increase in 
growth 

Percentage 
of total po.s- 
itive in- 
crease 

1-3 

mm. 

0.7 

S. 5 

3“ 5 

0.5 1 

79.3 

5-9...,. 

1.0 

12.2 



i 

.Days 

Increase in 
growth i 

Percentage 
of total pos- 
itive in- 
crease 

9-20 ... . . 

mm. 
-1.0 1 

-12.2 


Total-. 

8.2 

i ' 


1 , 


Table 5—Sunimary of ‘weather conditions in June and July of 194o and 1946 at 

East Lansing, Mich. 



i 194.5 

1946 

Item 





June 1 

July 

June 

July 


Accumulated excess (-f) or deficiency (-) in mean temperature 





since first day of month.,- 9F-- 

Excess (-{-) or deficiency (— ) in precipitation for the month as 

+21 

+8 

+36 

+2 

compared with normal rate. inches.- 

+. 19 ^ 

-1.02 i 

-1.03 

-2. 85 

Accumulated excess (-f) or defieieney (— ) since Jan. 1. -inches.. 
Mean percentage of relative humidity: 

-.27 

15 1 

~. 08 

-.09 

7:30 a. in 

80 

56 i 

80 ’ 

76 i 

74 

1:30 p. in . 

50 ; 

55 i 

40 

7:30 p.m 

62 i 

55 

61 ’ 

46 

Total hours actual sunshine 

; 265 

336 

268 

386 

Percent of possible hours sunshine . ... 

58 ' 

72 

58 

S3 




DISCUSSION OF RESULTS 

The growth curves of bromegrass fruits in 1945 and 1946 follow 
closely the pattern shown for other fruits by Gustafson (5), for barley 
by Harlan (4), and for oats by Booth (i)— Both curves show the 
initial slow period, the tremendous increase in rate thereafter, fol- 
lowed by a slackening. In barley most of the fruit growth was made 
in the first 3 days, in oats the greatest length was attained by the 
sixth day, while in bromegrass most of the growth was made by the 
end of the fifth day. Different climatic conditions might, of course, 
produce a different result. 

Some of the reasons usually given for the four distinct periods in 
the growth curve, slow growth, rapid growth, leveling-off growth, 
and negative growth, are: (1) an increase or decrease in cell multiplica- 
tion; (2) inter! erence with mitosis by starch accumulation in the 
endospermal cells; (3) the absorption or loss of water in the tissues 
of the fruit; and (4) genetic factors. An anatomical investigation 
now under way on the embryological development of the species 
will attempt to correlate the tissue development with the growth 
curve and may give some explanation for the periods, 

SUMMARY 

Bromegrass fruits were measured in 1945 and 1946 and growth 
curves were established for those 2 years under the prevailing climatic 
conditions. The growth curves agree closely with those of other 
fruits. In bromegrass most of the longitudinal growth in the fruit 
had occurred by the end of the fifth day. 
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THE EFFECT OF SUNLIGHT ON THE ASCORBIC ACID 
CONTENT OF STRAWBERRIES ‘ 

By WiLLAHD B. Robinson 2 

Assistant professor of chemistry, New York State Agricultural Experiment Station 

INTRODUCTION 

Altlioiigli it is generally realized that environmental factors may 
infhience the luitritive value of fruits and vegetables, there has not 
been a great deal of research reported to show the extent to which 
climatic variants may exert their effect. The work reported in this 
paper is coiicerned with the relationship between sunlight and the 
ascorbic acid content of strawberries. 

Reports in the literature on the ascorbic acid-sunlight relationship 
for strawbeiries are rather confficting, although they are agreed that 
there is such a relationship. McCrory (5)^ found that long-stemmed 
fruits were higlier in ascorbic acid than those with shorter stems, and 
that fruit exposed to sun was higher than that shaded by leaves. He 
also reported that fruit harvested on clear days had a higher ascorbic 
acid content than those harvested on cloudy days. However, these 
observations were not supported with data. Hansen and Waldo {£) 
studied the problem by shading entire plants, or the berries alone, 
with muslin bags and concluded that under the former condition a 
much lower amount of ascorbic acid was synthesized. The effect of 
shading the berries alone was not so great. However, the statistical 
significance of these observations could not be determined by the 
data presented. Ezell and associates (!) found that when entire 
plants or only the berries were shaded, less ascorbic acid was accumu- 
lated than with full illumination. These workers used one and four 
thicknesses of ch('ese(*loth for the plot-shading experiments and brown 
manila bags for the shading of the fruit alone. They also related 
climatological data published by the United States Weather Bureau to 
the seasonal fhicdiUatioris of the strawberry ascorbic acid and deduced 
that the amount of sunlight for approximately 1 week prior to harvest 
is operativcvon the ascorbic acid production. 

In a survey of the ascorbic acid content of 81 varieties of strawberries 
in 1946 Robinson et al. (4) found a statistically significant difference 
of 15 percent in the average ascorbic acid content (fresh-weight basis) 

1 Received for publication June 22, 1948. Journal Paper No. 761 of the New 
York State Agricultural Experiment Station. 

2 pue author gratefully acknowledges the loan of the light recorders of the 
United States Plant, Soil, and Nutrition Laboratory at Ithaca, N. Y., and the 
valuable cooperation of Dr. G. F. Somers of that laboratory, 

^ Italic numbers in parentheses refer to Literature Cited, p. 262. 

Journal of Agricultural Research, VoL 78, No. 8 

Washington, D. C, . , Aprii:i5,:i949' 

, ' Key No. N. Y. ; (Geneva)~62; 

(257) 
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of the fruit grown at two different locations. Strawberries grown on 
Dnnkirk fine sandy 'loam 5 miles north of Geneva contained . more 
ascorbic acid than those grown on Dunkirk silty clay loam at Geneva. 

EXPERIMENTAL PROCEDURE 

Two types of experiments w^ere undertaken; one involved a com- 
parison of the ascorbic acid content at the two locations mentioned 
above, and tlie other involved a study of the influence of shading upon 
the ascorbic acid content of stra^vberries. One light recorder was 
installed at each of the two locations, i. e,, at Geneva and at the farm 
5 miles north of Geneva, in order to obtain a comparison of the amount 
of illumination at the two localities. Nine varieties of straw’^berries 
grown at each location were compared twice during the season. 

The integrating light recorders used are a modification of the instru- 
iiient dtesciibed by Sprague and Williams {6). The same principles 
of operation are involved, but the details of the electrical circuit and 
recorder are somewhat different. The phototube housing is com- 
posed of a brass case on top of which is mounted an opal glass globe. 
The top of the brass case has an aperture containing 1 -inch-square 
glass filters and a ground-glass plate. The filters are Corning Nos. 
3962 and 3850, which in combination transmit a very broad band of 
light, principally in the visible portion of the spectrum with a maxi- 
mum at about ^5,000 K. Some ultraviolet light longer than a wave 
length of 3,700 A. is transmitted and there is a small amount of trans- 
mission beyond 7,500 A. (up to 10,000 A), This combination, in 
conjunction with RCA 922 phototube, gives two peaks in the^ maxi- 
mum sensitivity curve. Ope maximum is at about 4,000 A. and 
the other is at about 6,000 A. 

The shading experiments were all made at Geneva. The effect of 
shading only the fruit was studied by placing white parchment paper 
bags over them a few days after the blossoming stage. The paper was 
found to reduce the illumination to 52 percent of that of full sunlight, 
as measuj^ed by the integrating light recorder. One plot of berries 
Avas entirely covered by a cheesecloth cubical (12' x 12' x 12') 
that enclosed a light recorder as well. The amount of light reaching 
the strawberries thus shaded was 43 percent of that reaching the fully 
exposed plants. The variety Premier (Howard 17) was used for all 
of the shading tests. 

In all cases, the fruit was picked between 8 and 9 o’clock in the 
morning and analyses were completed the same day. Ascorbic acid 
analyses were made on individual berries by the xylene-extraction 
modification of the indophenol method (5). .Although ascorbic acid 
analyses werc^ made on indi%ddual fruits each day, only the averages 
for each day with the standard erroi's are reported here. vStatistical 
analyses were made by the paired comparison method of Student 
(7, <^). On tlie same day, the averages of each group in the shading 
test, and each variety in the soil test, were used for the pairing. 

EXPERIMENTAL RESULTS 

The fruits rii>ened in the cheesecloth cubical were invariably lower 
in ascorbic acid content than those ripened with either the leaves or 
tlie whole plants exposed to full sunlight (table 1). Each of these 



RELATIVE AMOUNT OF SUNLIGHT ASCORBIC ACID (mg. per 100 gm.) 


April 15, 1949 


259 


Sumlight Effect on VUamm 0 in Strawherries 

comparisons was highly significant (odds greater than 4,999 and 9,999 
to 1, respectively). The comparison between the fruit ripened in 
complete sunlight and that ripened with only the fruit shaded sho\ved 
no significant difference. The data are presented on the fresh weight 
basis^ so that they can be more readily compared with other data in 
the literature.^ Calculation of the data for the shading experiments 
on either the fresh or the dry weight basis made no difference in the 
conclusions drawn from these tests. 

The relation between the day to day variations in ascorbic acid and 
the amount of sunlight is shown in figure ] , where the ascorbic acid 
content of fruits from fully exposed plants (table 1) are compared 
with the daily sunlight records. The sunlight data are presented in 
graphical form, with the sunniest day, June 20, represented as 100 
percent. The ascorbic acid level in the fruit corresponded fairly well 
with the relative intensity of the sunlight on the fifth or sixth day 
prior to ripening. The date of harvest is plotted 5 days ahead of the 
simlight record in the figure to emphasize this relationship. 



Figitbe between amount of sunlight and ascorbie acid content of 

straw’'berries grown at Geneva, N. Y., 1947, 
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Table 1. — Effect of shading on the ascorbic acid content of strawherries ^ 


Date, 1947 

Full exposure to sun 

light 

Fruit shaded, leaves 
exposed 

Leaves and friiit shaded 

Berries 

Ascorbic 

acid 

Berries 

Ascorbic 

acid 

Berries 

Ascorbic 

acid 



Mq. per 100 


Mg. per 100 


Mg. per 100 


Number 

qm. 

Number 

qm. 

Number 

mg. 


40 

53. 59±1. 21 

7 

46. 90±1. 39 



June 21 

10 

58.55±1.74 

10 

47.81d=1.50 

3 

40.32±1.95 

June 23... ' ! 

25 

54.64±1.79 

25 

56. 95±2. 19 

8 

42. 46dr3. 19 

JiifTif' 24 . 

10 

61.06±3.50 

10 

58. 12±:1. 45 



June 25 

10 

57. 41±3. 26 

10 

65. 56±3. 66 

10 

34. 35d=l. 64 

June 26 . 

12 

58. 66±3. 28 

12 

60. 81±3. 63 

12 

40. 95d=2. 47 

June 28. : 

8 

55. 78d=3. 41 

8 

49.04±1. 63 

8 

40. 27±1. 66 

June 30... ' 

11 

55. 22i:2.06 

11 

53. 70d=2. 74 

12 

32. 28±1. 18 

July 1 ' 

12 

53.08±2.44 

12 

53. 40±3. 19 

12 

29. 82±1, 83 

.July 2 

15 

59, 27i:2. 09 

15 

50. 46±1. 98 

15 

30. 42±2. 06 

Average ... 


56.72 


54. 28 


36.36 




1 





5 Data expressed on fresh weight basis, variety, Premier (Howard 17). 


The comparison between the two locations mentioned above, in 
which nine varieties of strawberries were used, again gave significant 
differences in ascorbic acid content on the fresh weight basis (table 2). 
However, the difference in amount of sunlight was insignificant. 
There was 4.3 percent less sunlight at the location where the higher 
ascorbic acid content was found. Examination of the diy weight 
data showed that the berries grown on the sandy soil had a higher 
total solids content. Calculation of the ascorbic acid data on the 
dry weight basis eliminated the apparent differences due to location 

DISCUSSION 

It seems apparent that the leaves must be responsible for the 
synthesis of the ascorbic acid or its immediate precursors, since the 
fruit that was fully exposed to the sunlight was not significantly 
higher in ascorbic acid than the shaded fruit, and only when the 
whole plant was shaded did the ascorbic acid level fall greatly. These 
data confirm those of Hansen and Waldo (^) in this respect, although 
these investigators, as well as Ezell et al. (f), found more ascorbic 
acid in the fruit when the whole plant was exposed than when only 
the berries were shaded. It is possible that the difference in type or 
degree of shading may explain this disagreement. Hansen and Waldo 
used unbleached muslin bags, while Ezell and co workers used brown 
manila paper bags. Since white parchment paper bags were used in 
the studies reported here more light probably reached the fruit and 
there may have been a temperature difference as well. 

The 5~ to 6-day lag in response of the ascorbic acid level of the ripe 
fruit to tlie amount of insolation would indicate that the synthesis 
of either ascorbic acid or its preciirsoi*s is stimulated by sunlight be- 
fore the table-ripe stage is reached. Possibly the lag period represents 
the time from cessation of translocation from the leaves to the fruit, 
or it nia 3 ^ be the time necessary for the preeursor, formation of which 
is stimulated by simlight, to be transformed into ascorbic acid. The 
latter hypothesis receives support from the observation of Ezell and 
his coworkers that the ascorbic acid of strawberries that are picked 
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Table 2.- Effect of differ eni locations on the ascorbic acid content of strawberries 


Variety 

Ascorbic acid 

Fresh weight basis 

Dry weight basis 

Dunkirk 
fine sandy 
loam 

Dunkirk 
silty clay 
loam 

Dunkirk 
fine sandy 
loam 

Dunkirk 
silty clay 
loam 

Sparkle 

Mg. per 100 
qm. 

80.4 
82.0 
88.1 
85.9 

88.5 

97. 8 

52. 9 

76.0 
77.2 

81.0 

Mg. per 100 
gm. 

61.0 

82.3 
69.8 

77.3 
64. 5 

79.0 

55. 0 

64.1 

74.7 

69.7 

Mg. per 100 
gm. 

616 

628 

70S 

792 

718 

792 

500 

530 

558 

649 

Mg. per 100 
gm. 

522 

640 

694 

740 

556 

762 

530 

569 

599 

623 

Fairfax _ 

Catskill 

Dresden 

24248 

254()0 

28340 

28597„_. ' 

US D A 3414 

Average 

Z value for comparison of difference.. 

Odds that difference is significant 

1. 

21 

0. 

40 

200:1 

5.9:1* 


*Not sig'nificant. 


before complete ripening continiies to increase after separation from 
the plant. 

That soil type may influence the composition of the strawberry 
fruit is demonstrated in the comparison of the fruit grown at the two 
locations. The difference noted in the ascorbic acid content of the 
strawberries was caused by a difl'erence in the relative amounts of 
solids rather than difl'erences in the amount of sunlight. The diff- 
erence between the ascorbic acid content of the strawberries grown at 
the two locations when expressed on a fresh-weight basis disappears 
when these same results are expressed on a dry-weight basis. This 
indicates that other comparisons based solely upon a fresh weight 
basis may or may not be valid. There may Or may not be a real diff- 
ei*enc(' in the amount of ascorbic acid which has been produced. In- 
stcaid, there may simply be the same amount of ascorbic acid produced 
at each location, and the difference noted may have been caused by 
a difl‘(‘rence in the water content of the strawberries, the silty claj^ 
loam having relatively more juicy berries than the plants on fine sandy 
loam. 

The data presented in this paper confirm the observation of several 
other investigators that sunny days are essential for obtaining the 
maximum amount of ascorbic acid in strawberries. It is therefore 
to be expected that great variations in ascorbic acid content will 
occur in strawberries grown in different seasons and in different 
geographical locations. 

SUMMARY 

The synthesis of ascorbic acid in strawberries is stimulated by 
exposure to sunlight. "With a 57-percent decrease in the amount of 
illumination during development and ripening, the ascorbic acid con- 
tent averaged 36 percent lowei\ The data in this paper indicate that 
the degree of iilumination of the leaves is the most important factor 
in this ■relationship.' 
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Tile aiiioiiiit of ascorbic acid in the ripe fruit appears to correspond 
to tile aiiioiiiit of illiimiiiatioii on the fifth or sixth day prior to harvest. 

.Differences in. ascorbic acid content of strawberries on the fresh- 
weight basis occurred at different locations with the same amount of 
llimiiiiat.ion. However, if the ascorbic acid is expressed on a dry- 
W' eight basis the differences due to environinental factors other, than 
suiiiiglit were insignificant. 
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THE INFLUENGE OF DRYING ON SOIL BUFFERING IN 
RELATION TO AGGREGATION AND OTHER FACTORS' 

By R. M. Smith, project supervisor^ Soil Conservation Service, United States Depart- 
ment of Agriculture, and D. R. Bbowning, assistant in agronomy, West Virginia 
Agricultural Experiment Station 

INTRODUCTION 

Acidity, buffering, base exchange, and exchange capacity are ob- 
viously all closely interrelated, and are recognized as some of the most 
important fundamental properties of soils. A great deal of work has 
been done to obtain a better understanding of these properties and 
much progress has been made. Since the work of Bradfield (5) ^ 
it has gi*adually become recognized that complex aluminosilicate 
minerals, or clay minerals, are one of the main sources of soil acidity 
and buffering as well as of physical activity in soils. He and others 
(S, ^0) have shown that much of the behavior of these purified clay 
minerals is like that of weak acids. The other major source of reserve 
acidity and buffering of soils is recognized as organic in origin (S, 

The buffering powers of organic compounds are often so great that a 
small percentage of organic matter dominates the entire exchange 
and buffering properties of many soils {21\ 32), 

If the complex organic materials were omitted it would seem that 
comparatively simple expressions might well be worked out for acidity, 
buffering, and exchange capacity. But after a number of years of 
work by many investigators there is still no widespread agreement as 
to the fundamental definition of exchange capacity and no absolute 
method for making buffer measurements that are directly applicable 
in the field. 

As a practical procedure for determining a standard relative exchange 
capacity value the neutral ammonium acetate method is probably 
the most widely used and the most useful (31), However, it is recog- 
nized that exchange capacity values obtained by this or by other 
standard laboratory methods cannot be used as an absolute measure 
of the lime or base content at pH 7 in the field {20, 22, 24 , 25, 28). 
Moreover, Bradfield {6) has shown that soils and clays have a strong 
buffering capacity above pH 7, and he has suggested that a more 
satisfactory, practical end point for exchange capacity is the equilib- 
riimi point with calcium carbonate in an atmosphere with a OOg 

1 Received for publication May 26, 1948. Contribution from Soil Conserva- 
tion Service Researcli, U. S. Department of Agfieulture, and the Department of 
Agronomy and Genetics, West Virginia Agricultural Experiment Station. Scien- 
tific Paper No. 398 of the West Virginia Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 282. 
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concentration of the air. This end point would be at a pH value of 

about 8.2 » . t n 

A different end point has been used by Baver (S) in carrying through 
the analogy between clays and weak acids. His use^of the flex points 
of soU-base buffer curves gives end points at variable pH values. 
With pure clay systems the flex points are ^often clearly evident, but 
with soils these flex points may be indistinct. Further, the simple 
weak acid concept does not explain the strong buffering above the 
flex point which is typical of many soils. Another complication in 
this explanation as well as in other approaches to soil buffering is 
the difference associated with the neutralizing ion. There is a wide 
difference between such buffer curves with sodium and lithium on 
the one hand and calcium and barium on the other, so that buffering 
can be expressed only by specifying the ion involved. 

In practical soil liming studies it has been shown that factors of 
from 1.5 to as high as 3.0 must be used to convert laboratory buffer 
values into field lime needs, even when mixing is complete and all the 
lime is fine and readily available {25 ^ 28). Happen {IJ) has noted a 
similar discrepancy between laboratory buffering^ and field behavior, 
but has attempted to dismiss it as probably resulting from incomplete 
contact in the field. 

The literature on base exchange contains many indications of some 
sort of build-up of exchange capacity (S). Pierre and Scarseth {24) 
considered that Ba(OH )2 treatment probably built additional ex- 
change, and they rejected the preliminary treatment with Ba(OH )2 
for base exchange capacity determinations as recommended by 
Kelley {15) on this basis. They found that for limed soils the results 
were essentially the same witn Ba(OH )2 pretreatment as with the 
direct BaAc-NH 4 Cl method, which they interpreted as indicating 
that liming, like treating a soil with an alkaline solution, results in a 
“build -up^^ of additional exchange complex. Kelley {15) considered 
that the Ba{OH )2 treatment merely resulted in displacement of all 
of the potentially exchangeable H+ and he did not consider this to 
constitute a build-up of exchange. There are other references to the 
dfficulty of replacing the H+ from exchange material. Kapjpen {14) 
discusses this at some length, and Magistad {18) has emphasized the 
extreme slowness of replacement of H+^ from exchange material com- 
pared to the replacement of metallic ions, in conjunction with his 
ai^ument that alkaline treatments buUd more exchange instead of 
merely releasing more H+ as indicated by Happen. 

Field data of Robinson (26) show that for a particular soil type 
there may be a significant positive relation between the pH and the 
exchange capacity, st^esting some influence of bases upon the ex- 
change capacity. For ^mples of Hagerstown silty clay loam having 
little variation in organic matter content his data show a rather dose 
relation between pH and exchange capacity by the neutral am- 
monium acetate method. With Dekalb silt loam the pH-base 
exchange capacity relation is also distinct, but in tbis case organic 
variations may account for a part of the correlation. 

Experimental plot results reported by Salter and Sohollenbeiger 
( 25 ) suggmt that liming may have caused an increase in the ^change 
capadty on 32-year-old plots. Without manure, unlimed plots show 
an exchange capacity of 8.01 m* e* as compared to 9.87 m, e. for limed 
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plots; and with, manure the values are for unlimed^ 8»89 and for limedi 
10,51 m, e. 

Drying has been considered by a number of investigators (1^ 9^ 10^ 
11^ 12^ ISf 17 j 27^ 28) as one of the factors that influence acidity. 
Most reports have indicated some decrease in pH due to drying^ but 
some have shown an increase with certain soils. Coles and Morison 
(iO) have studied the effect of drying upon acidity in considerable 
detail and their results are in general agreement with others reporting 
pH decreases. They found a considerable lowering of the pH of all 
mineral soils by drying at 98*^ C,, the greatest effect occurring on the 
first day, but some additional lowering being evident for several days. 
Peat showed a slower change downward which extended out over a 
longer period. Coles and Morison concluded that these pH changes 
were reversible for mineral soils, nonreversible for organic materials. 
TMs conclusion is not entirely substantiated by their data, for the 
mineral soils generally failed to reach the original pH value even after 
a period of 57 days of soaking. In fact, there was no clear trend 
toward a return after about 2 weeks. But, at least, the pH change 
was to a considerable extent reversible with all mineral soils. Their 
results also showed the elimination of the drying effect by preleaching 
with HCl and the return on treatment with a base. This seemed to 
indicate that the effect of drying was due to some reaction of the 
exchangeable bases. However, the pH values obtained by leaching 
with HCl and washing with water were well below 3.0 in most cases, 
which might lead to some question as to whether all the excess HCl 
had been removed. If not all removed, then the heating might be 
expected to drive off some HCl and thus prevent a lowering or even 
cause an increase in pH. Actually, a slight increase was obtained in 
some cases, particularly with two samples treated with H 2 O 2 as well 
as with HCl. The increase was more than 0.2, starting with values 
below pH 2.6. Exchangeable bases were decreased by drying; water- 
soluble Ca and P were increased. 

The object of the present paper is to report data obtained from 
drying sous before determining the pH, especially in connection with 
measui*ements of buffering capacity; and to attempt to show how the 
influence of drying may help to clarify some of the indicated inter-^ 
relations of pH, buffering, base exchange, and exchange capacity. 

METHODS 

All pH values were obtained with a glass electrode pH meter. 
A soil-water ratio of 1 : 2}^ was used in some cases; other values were 
obtained on soil pastes, as indicated in the tables. Drying was accom- 
plished in an oven at 110° C. unless otherwise indicated. Total 
exchangeable bases and exchange capacity were determined by the 
neutral, normal ammonium^ acetate method (SI), Oa^anic matter 
values are by dichromate oxidation (7). 

Certain details of technique will be explained under specific headings 
in the results. 

SAMPLES 

A variety of representative West Virgima soils and subsoils have 
been studied- These include normal surface soils and subsoils of the 
gray-brown podzolic group. Clay subsoils represented arre of acid 
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shale j limestone j and alluvial origin. Silty and fine sandy soils are 
derived from acid shales and fine sandstones. A^sample designated as 
^^muck” was obtained under ^^half-bog^^ conditions in a high valley 
draining acid shale and sandstone upland. 

Most of the soils in the study are known from petrographic observa- 
tion to be rich in hydrous micas. Clays of the 2 type are probably 
dominant in most samples. Base exchange studies show that the 
0.002-mm. clay fraction ordinarily has an exchange capacity of about 
30 m. e, per 100 gm. by the ammonium acetate method {S2). One 
electrodialyzed colloidal clay, from Hagerstown subsoil, has been 
included in the study. Its exchange capacity is about 60 m. e. per 100 
gm. One sample of commercial kaolinite and one of Wyoming 
bentonite are also included. 


RESULTS 

INFLUENCE OF DRYING ON THE PH OF VARIOUS SOILS AND CLAYS 

Under West Virginia conditions the highest soil pH values are 
invariably obtained on moist samples. In a few cases there is no 
significant difference due to drying, but in most cases drying causes 
a marked decrease. Typical values are shown in table 1. A variety 

Table 1. — The influence of drying upon the pH of different soil and clay samples 


Soil No. 

Description 

1 

1 

Organic 

matter 

pH of samples after soaking 
3 houis— starting with con- 
dition indicated 

Field- 

moist 

Air-dry 

Oven-dry 

1 ' 

Gilpin silt loam (gray-brown silt loam, upland 

Percent 

! 




surface soil) 

3.4 

4.9 

4. 75 

4.2 

2 

Dekalb silt loam 

2.9 

5,7 

5.3 

4,9 

3 ^ 

Gilpin silt loam 

4.3 


5.1 

4.4 

4 5 

Holston sandy loam terrace.. 

1.3 

4.8 

4.4 

4.16 

5 

Monongahela” silt loam 

3.5 

5. 75 

5.3 

4.9 

6 (a) 

Holston loam subsoil 

.2 

5,1 

4. 85 

4.5 

6 (b) 

Ifeached with HCl, washed with H 2 O 



3. 65 

3.25 

7 (a) 

Zoar clay subsoil 

.3 

5.3 

4.95 

4.0 

7 (b) 

Leached with HCl, washed with HjO 



3.7 

3.4 

8 

Blago silt loam 

12.4 

4.9 

4.5 

3.9 

9 

Sandy podzol B horizon 

3.3 


4.4 

1 4.0 

10 : 

Silty subsoil - 

1 1.4 


4.7 

3.8 



Woodland mull 

11.8 


5. 4 

4.7 

12 

Electrodialyzed collodial clay 



3.6 

3,2 


Commercial kaolinite 



6.8 

6.0 



IL. ' 

Sand and bentonite mixture leached with HGl 




and washed with H 2 O-. 



4.6 

3.8 

15 

Same, but leached separately __ . 



3. 7 

3.2 




i 1 



of soils and subsoils are represented as well as soils leached free of all 
bases, a sample of commercial kaolinite, one of bentonite, and one of 
electrodialyzed H+clay. 

INFLUENCE OP DRYING ON SOIL BUFFERING 

When increments of base are added in solution to soil suspensions 
and allowed to stand with occasional shaking, pH results as shown in 
table 2 are obtained. The results are seldom completely stable with 
time, bnt after about 2 days a fairly satisfactory equilibrium is reached 
with most soils. A similar equilibrium time has been used bv others 
(19, 20, 25, SO), 
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Table 2 —Influence of time on the pH of soil suspensions in contact with a base 


Soil 

M. E-ofbase 

pH of soil suspension after— 

1 day 

2 days 

3 days 

5 days 

'^days 

17 days 

1 

3-6 Ba—.... 

5. 55 

5. 1 

6.3 

7.3 
6.6 

8.1 

5.6 1 
5,1 1 
6.0 1 

6.7 i 
6.45 ; 

7.5 
4.9 
6.0 
5.55 

6.6 


5.45 

5. 45 


3... 

i (None 

5.0 

6.2 

6.7 


43.6 Ba - 




5..--.. 

15.2 Ba-- 





3.6 Ba , 

i 6. 45 
7.6 

6.5 

7.1 

4.8 

5. 65 
5.55 
6.15 


6 _.. ! 

3.6 Ba... 




fNone - 


4.8 

1.9 Na 



5. 65 
5.50 
6.0 

/ 1 

)3.6 Ba- 

5. 7 



3.8 Na 








It the samples are then dried at 105^ C. and redispersed in water the 
pH values are ah lower than they were before drying. Table 3 shows 
som.e typical vahies. This table and figures 1 and 2 show that there 
is usually a greater decrease in pH after additions of base than before. 

Table 3.- -The effect of drying upon soil pH following the addition of various 

increments of base 


Soil 

M. E. and kind of base added 

pH of samples 
after soaking 

2 days in 
contact with 
base 

Immediate pH of 
samples redispersed 
in water after oven 
drying following the 
2-day contact 
with base 

Difference 


fO 

4. 75 

4.2 

0. 55 

1.. ' 

2.0 Ba 

5.25 

4.5 

, 75 

3.7 Ba 

5. 6 

4.8 

.8 


5.6 Ba.. 

6.9 

5.1 

1.8 


0 

6.3 1 

4.9 

,4 

2. 

2.0 Ba 

6. 4 

■ '5.4 

1.0 

3.7 Ba 

6.9 

5.9 

1.0 


5.6 Ba 

7.05 j 

6.6 

. 55 

. 

'0 .. - 

4,75 ^ 

4. 25 

/ .5 



[2,0 Ba - 

5,76 i 

4.70 

1.05 


0 . - 

5,3 

4.9 

. .4 


2.0 Ba 

6.1 1 

5.5 

.6 


'3,7Ba 

6. 65 

5.9 

.75 


,5.6 Ba - ■ — 

7.06 i 

6.0 

1.06 


/O . 

5.0 

4.4' 

, 6 


2.7 Ba 

0.2 ! 

5, 05' 

1. 16 


5.2 Ba... - 

6.75 ; 

6.0 

» .75 

6(a).- — 

, 7.8 Ba - - 

7.3 ! 

6, 75 

.55 

\0 ........... 

5.05 

4,4 

.65 


2.4 Na - 

6.4 

5.4 

1.0 


4.9 Na 

7.05 

6. 0 

1.05 


17.4 Na. 

' 7.7 

6.6 

■ l.l 

6(b).. — . 

HCl leached and washed with H2O _ 

3.65 

3. 25 

.40 

fO 

5.0 

4.0 

1. 0 


1.8 Ba — 

5. 4 ■ ' 

4.3 

' : ■ ■ ' : 1, 1 


3.6 Ba - 

5. 75 

4.8 

.95 


7.2 Ba. 

7.2 

5. 95 i 

1.25. 


12.7'Ba. 

8.3 

7.2 ! 

'.'Ll 


0 .... 

4.95 

4.0 

.95 

7(a)...— 

l2.8Na„.. 

6.0 

4.4 

■' 1.6 '■ 

3,9 Na 

6.65 

5.05 

1.6 


^ 4-9Na....— 

6. 9 

5.25 

1.60 


5.8 Na....-.-. 

7.3 

5,5 

1.8 


7.SNa.....-.— 

7.95 

, 5.95 

2.0 


9.7 Na 

8.6 

6.7 

1.8 

:7(b)-.'.— 

U1.7Na 

1 Leached free of base with HOI and 

8.95 

7.2 

1.75 

1 washed with H2O.- 

3.7 

3.4 

.3 


m 

4.5 

3.9 

. 60 

llaO'Ba 

5. 06 

4.7 

4.05 

3.8 

1.0 


A. 


j4.2 Ba— .. 

6.7 

5.5 


16.9 Ba— 

7.6 

6.95 


■ i 

itlO Oa;... , - 

7.6 

7.0 

. .6 
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Table Z.—The effect of drying upon soil pH following the addition of various 
increments of base — Continued 


, Soil 

' M. E. ant! kind of base added ' 

pH of samples 
after soaking 

2 days in 
contact with 
base i 

Immediate pH of 
samples redispersed 
in water after ovenil 
drying following the 
2-day contact 
with base 

1 

Hiflereiiee 


m ... 

5.4 

4.7 

,7 


j4.7Ba - 

5.65 

4.8 

. 85 

11 


6.3 : 

5.1 

1.2 


125.0 Ba... - 

7.0 

5.4 

1.8 


/O... 

3. 55 

3. 35 

. 2 


8.2 Ca 

4.05 

3. 46 

, 6 


16.4 Ca - 

4.36 1 

3. 5 

, 85 


24,4 Ga ' 

4,65 i 

3. 75 

,9 


33,0 Ga 

4.9 1 

4.2 

.7 

12 

\m,z Ca 

5,45 i 

4.9 1 

. 55 


49,2 Ca - - 

6.1 

5.3 

.8 


57,2 Ca 

6.8 

6. 2 

.6 


65,8 Ga ----- 

7. 55 

6. 75 

.8 


.74,2 Ca—- 

8.35 

7. 05 

1.3 


This means that there is an increased degree of buifering following 
drying. It is also evident that the drying has drawn the soil material 
together into larger and more definite aggregates than in the normal 
or moist state. This effect is, of course, most evident when well- 
dispersed colloidal materials are dried. 

THE REVEBSIBILITY OF pH CHANGES DUE TO DRYING 

A number of replicate flasks of soil and base were dried and re- 
dispersed as indicated in the previous section. pH values were then 
determined on separate flasks in duplicate after different time intervals 
of soaking. The results, presented in table 4, show some tendency 
for the pH to increase in all cases, but it seems evident that the samples 
which have returned most quickly to about the same or to higher 
values than were obtained before drying are samples with no base 
added. In fact, all soils without base seem to have returned to 
essentially the original pH or higher in the time allowed, except the 
“muck.” This is further illustrated by figures 1 and 2, which show a 
more complete recovery without extra base than with base. 

It appears in table 4 that the various soils with base added may 
have reached a relatively stable pH level dining the time required 
for the samples without base to return to the original values or liigher. 
However, to compare the effect of much longer periods of soaking, 
both with dried a,nd undried sample, several samples of 300 gm. 
each were placed in beakers and base solutions were added. After 
stirring at intervals for 2 days the pH was determined and each 
sample was divided into three parts. One series was then oven- 
dried for 2 days; a second series was kept moist continuously; and a 
third series was allowed to dry in the air with an occasional rewetting. 
pH values were^then determined at intervals on small portions of 
soil paste removed from each beaker. The results (table 5) show 
t^t after sufficient continuous ^king tme there was only a srpail 
difference in pH whether the soil was ori^nally oven-dried, contin- 
uously wet, or alternately wet and air-dried during the entire period. 
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Figure 1. — Buffer curves of 2oar subsoil (soil No. 7a) showing the typical in- 
fluence of drying and recovery after soaking. Note that the pH differences 
caused by drying are greater with ba^e added than without and that the recovery 
by soaking is less coinplete. 
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M.E . of NoOH added 


1‘iGURE 2. Buffer curves of a Holston subsoil (soil No. 6a) showing the typical 
infiiieaee of drying and recovery after soaking. Note that the pH differences 
caused by drying are greater with base added than without and that the recovery 
by soaking is less complete. 
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Table 4. — Reversibility of pH changes due to drying at 110° C. 


M. E. and kind of base per 100 gin. of soil 


Dried, then soaked for time indicated 


Soil 1: 

3 hours — 

0 days 

8 days 

10 days. 

15 days - 

22 days..-- 

Original value, undriecL 

Soil 2: 

3 hours 

1 day. 

6 days 

8 days., 

9 days 

10 days. 

15 days. 

22 days 

Original value, iindried. 
Soil 5: 

3 hours 

2 days. 

4 days - 

6 days. 

8 days 

10 days .... 

15 days 

22 days 

Original value, undried 

Soil 8 (muck) ; 

3 hours 

6 days - 

Sdays... ' — 

10 days 

15 days 

22 days 

31 days 

Original value, undried 


Soil 3: 

5 ndnutes 

20 days. 

Original value, undried. 


Soil 6: 

3 hours.... 

6 days.-,... — 

lOdays.--.. 

14 days. - 

21 days,.,....,.. — 
30 days.-.,-. — 
Original moist value 


Soil 7: 

dminutes.-, 

3 hours. - 

6. days.,..—.----.-..- 
lOdays--...---—--- 

14 days..------ - 

; 21' days 

''30 days" 

Original moist value. 


0 

3.6 Ba 

5.6 Ba 

4.2 

4.8 

^ '■ ■ '5. 1 

4.4 

5.4 


4.5 

5.15 

5. 35 

■ 4.4 

4.95 

5.5 

4.55 

5. 15 


4. 75 

5. 25 

5, 55 

4.8 

5. 6 

6.95 

4.9 

5.9 



6.6 

5.3 

6.7 

5.4 

6. 5 




6.9 

5.3 

6.4 

5.5 

6. 5 


5. 6 

6. 45 

6. 75 

5. 3 

6. 9 

7,1 

4.9 

5.9 

5, 95 



5.95 



6.6 

5. 6 

6. 6 

5. 55 

6. 35 


6.2 

6. S5 


6. 15 

6.7 

'"" 1 . 1 " 

6. 15 

6, 7 

5.2 

6. 65 

7.05 

3.7 

4. 05 


3. 9 

4. 65 


3. 90 

4. 15 


3. 95 


4.1 

4.5 


4.3 

4.7 


4. 35 

4. 65 


4.9 

5. 05 




0 

2.7 Ba 

4.9 Ba 

7.9 Ba' 

10.4 Ba 

4. 4 

5.1 

6.0 

6. 75 

7.5 

4.9 

5. 6 

6.6 

6.96 1 

' 7. 1' 

5.0 

6.2 

6. 75', 

7.3 

7.8 


0 

1.8 Ba 

3,6 Ba 

_ ' ' 4.65 

5.0 

. ■ 6. 2 

4.75 

6.9 

\ 6. 85 

4.85 

5.8' 

'■6.85 

4, 85 

5. 9 

6.85 

5.0 



4.95 

5.6 

. 7.0 

5.1 

6,95',.' , 

. ' 7.65 


0 

1.8 Ba 

3.6 B a 

; ,',7.2.Ba; 

i■'"l2..7'B■a'■:’ 
j„. — 

4.0 

4.35 

4,8 

5.9 

7.1 

4.3 

4. 50 

5.0 

6.3 


- 4.3 

4,55 

5. 15 

6.5 

7.4 

4.5 

■ 4.75 

5. 10 

6. 6 

7.5 

4. 5 

4.85 

5. 10 

6. 35 

7.3 

, 4.5 1 

' ' ''"4.65;,! 

5, 10 

6.5 ' 

7.4 

. 4.76) 

4. 90 ' 

5.15 

6.5 

7.4 

. 4,9 

" '5.: 4 

5. 75 

7.2 

8.3 
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Table 4, — Reversibilit'y of pH changes due to drying at ltO° C. — Continued 


/ 


Dried, then soaked for time indicated 

^ M. E. and kind af base per 100 gm. of soil. 

0 

3.6 Ba 

7.2 Ba 

10.8 Ba 

12.6 Ba 

Soil 7: 






S' mlnute&or less 

4.0 

4.8 

5. 96 

6.60 

7, 20 

2 days ■ 

4.4 

4. 95 

6. 27 

6. 86 

7. 40 

'S days — 

4.75 

5. 20 

6.3 

6. 75 

7.1 

13 days - - - — -• 

4.5 

4.90 

6.1 

6.6 

7.0 

21 days- - - 

4.65 

5.05 

6.25 

6.7 

7.05 



4.8 

6.1 

6.7 

7.2 

Original value, undried - 

4.9 

5. 75 

7.2 

8.0 

8.3 


0 

1.9 Na 

! 

3.6 Na 

7,8 Na 

11.7 Na 

Soil 7: 






5 minutes Or less.. — - 

3.95 

1 4.4 

5.1 

5.9 

7.2 

2 days ' - 

4.2 


i 5.2 

6.2 

7,25 

a days „ ^ _ 

4.55 


5.55 

6.35 

7.4 

13 days .. , _ . 

4.55 


1 5.3 

6.0 

7.1 

21 days - . -- - 

4. 55 


5. 55 

6.45 

7.6 

35 days 

4.5 


5. 5 

6. 6 

7.4 

Original value, undried 

4. 95 

6.0 

6.66 

7. 95 









Where the tiltimate pH values are below 7 the difference due to 
drying is still probably significant even after 170 days of continuous 
soaking. If the drying had been continued for a longer period it is 
likely that the reversibility would have been somewhat less complete. 


Table 5. — Influence of long-conttnued soaking on the pH of several soils and subsoils 
which were oven-dried after an addition of basCf compared to the same soils soaked 
continuously without drying and also the same kept alternately wet and air-dry 


Soil. 


' M.E, 
of base 

Treatment 

Original pH 
of moist 
paste after 

2 days 
with base 

(5,4 Ca-.- 

Oven-dry 

7.9 

{5,4 Ca— 

Continuously wet 

7.9 

(.5.4 Ca.— 

Alternately wet and 

7.9 


air-dry. 



5,4 Oa— 

Oven-dry 

6.4 


5.4 Oa— 

Wet - 

6,4 


5.4 Ca-. 

Wet and air-dry 

6.4 


'5.4 Ca— 

Oven-dry 

5.3 


5.4 Ca... 

Wet— - 

5.3 


6.4 Ca— 

Wet and air-dry 

6.3 


5.4 Ca— 

Oven-dry - 

6. 6 


5.4 Oa— 

Wet— — 

6.5 


5.4 Ca— 

Wet and air-dry 

6.6 


5.4 Ca— 

Oven-dry 

7,8 


6.4 Ca— 

Wet : 

7.8 


6.4 Ca— 

Wet and air-dry 

7.8 


4 Na- — 

Oven-dry 

'5.7 


4Na-,_- 

Wet ' 

5.7 


4Na- — 

Wet and air-dry 

. ■ 5.7'. 


pH of samples after soaking- 


30 min- 
utes 


43 days 


127 days 


171 days 


Holston sandy 
loam. 


Purdy sat loam. 

Dekalb clay subsoa. 

Cavode sBty clay 
subsoil. 

Oapm clay loam 
subsoil. 

Dekalb clay loam 
subsoil. 


6.8 


5.35 


4.4 


5,0 

"o" 

■Ts"* 


7.3 

7.4 

7.2 

6.35 

6.9 

6.9 

4.6 

5.0 

6.0 

5.6 

6.2 

6.1 

6.6 

7.05 
7, 15 
5-2 

5.6 
5.3 


7.8 
7.6 

7.6 

7.3 

7. 05 

6.7 

4.9 
6.26 

5.1 

6.2 

6.4 

6.2 

6.9 

7. 06 
7. 35 
6.45 

6.7 '■ 
6.45 


7.6 

7.6 

7.6 

7.0 

7.0 

6.6 

5.0 
6. 26 

■■, 6.2 ,■ 

6.0 
6.4 
6.1 
7.0 

7.06 

7.6 

5.7 
■ 6.8 
5.7 


ALTERNATE SOAKING AND DRYING 


Table 6 shows the results of alternate soaking and drying on the 
pH values of several soils without added base, and for one soil with 
several increments of Ba added. All differences shown are small and 
probably insignificant, indicating that the initial drying has given 
essentialy the minimum pH value. 
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Table —Influence of alternate soaking and drying; each drying was for approxi- 
mately S days 


Soil No. 

i 

M. E. Of bases i 

pH of samples dried and soaked — 

Once 

Twice 

Three times 

1. 

None - ... 

4.3 

4.9 

6.1 

4.9 

4.0 

3.85 

4. 2 ■ 
4. 85 
5. 05 
4.95 
4. 05 
3.80 

• 4.16 

4.8 
6.0 
6. 0 
4,0 

3, 85 

2 

.....do 

3 

..do ■ . _ 

5.. 

do_. - ... 

7-.-..- 

do . 

8 

.....do 

7_.. 

fl.8 Ba 

pH of sample soaked 30 days, tben 
dried 

4.35 

4.80 

5.9 

7.1 

7.8 

4.4 

4.75 

5. 65 
7.0 

7. 65 


3,6 Ba 


47.2 Ba 



|l2.7 Ba....- 


Il6.3 Ba 





INFLUENCE OF DRYING ON THE EXCHANGE CAPACITY AND RECOVERY OF ADDED 

BASES 

Table 7 shows the exchange relations obtained on two soils with 
bases added and dried as described in previous sections. In the case 
of the surface soil it appears that a small amount of some bases, both 
Ba and Na, may have become fixed by the drying although most have 
been readily recovered by overnight leaching with the normal ammoni- 
um acetate. Recovery of bases seems essentially complete in the 
case of the clay subsoil. The base exchange capacity as measured 
by retention oi the ammonium ion may be slightly decreased with 

Table 7.- -Influence of oven drying upon the apparent exchange capacity and the 
recovery of added bases by, neutral NHi acetate leaching 

SOIL 3~SILT LOAM SURFACE SOIL 


Base 
added, 
M. E. 
per 100 
gm. 

Treatment after 
addition of base 

Soil pH 
from 
buffer 
curve 

Milliequ 

Exchange 

capacity 

livalents 

Apparent 

exchange 

H-h 

[ 

Exchange 
bases, 
M. E, 

Recovery of added 
bases 

■ BaS'es 
; not re- 
: covered, 
M. E. 

M. E. 

Percent 

■0 . 

Air-dry 

5.05 

10. 8 

4.3 

6.5 




■0.... 

Oven-dry 

4.4 

10,6 

4.6 

6. 1 




2.5 Ba..J 


5.05 

9,5 

1.8 

7.7 

1.6 

64 

'0.9, 

3.8Ba.-»' 

d'O— - 

6.6 

10.3 

1.0 

9,3 

3.2 

84 

,■■■''■■ ,'.6 

7.6Ba.„.-: 

„_-„„do.„.-, — 

6.66 

10.4 


12. 0 

5.9 

78 

L6 

2.0Na..J 


6.2 

10.0 

2.6 

7. 4 

1.3 

65 

■ ■ .7 

3.9Na.. 1 

.....do-,.,.,-.— 

5.75 

10.0 

■ , .7- 

9.3 

3.2 

■ 82 

'■'.7 

■7.8 Na -J 

■.do.-_-._ — 

6.7 

10. 0 


12.6 

6.5 

■ M :■ 

1.3- 





j 






SOIL 7— OLAY SUBSOIL 


0,.- 

Air-dry 

5.0 

20.5 






0 

Oven-dry 

4.0 



16.6 




3.1 Ba-, 

dO,,'-._„„— 

4.7 

19.8 

1.4 

18.4 

■■'■ : ,2.8'^: 



4.7 Ba— 

^.do------- 

■ 6.1' '■ 

2t6 


'21.1:: 


' ' 116" 


9.4 Ba— 

do.. 

, '6.3 

19,2 



.LI : 



2.5 Na— 

..do,— 1 

4.7 

19.6 

1.2 

■■ '.'iSi'i': 

,'',2.,'7"' 

:"' ■: ,408,; 


3.8 Na— 


„ A.,0^ 

20:2 

:..6' 

'■' 19.0' 


„io6''; 


7.6 Na— 

.—.do—--— 

"''.",■■■5.8 , 

19.6 


■■:''■■ ,22. 4' 


'89'-; 



. ■■ , ,.:j 
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botli soils (excess ammoiiiiini acetate was removed by leaching with 
ethyl alcohol). ■ ^ , 

Much more detail about the relative degree of fixation of various 
ions by drying may be found in other work ^ (^S). The data here 
are sufficient to show that drying may introduce certain complica- 
tions into the measurements of exchange capacity and exchangeable 
bases. 

INFLUENCE OP DRYING ON THE RELEASE OF H+ TO A NEUTRAL SALT 

SuGcessive additions of neutral normal BaCh solution were shaken 
with two different soils to determine the release of H + . After 
shaking and centrifuging, the solution was poured off and back 
titrated to determine the release of H4-. When an essential end 



Number of woshings 

Figure 3. — Influence of drying on the release of H+ to a neutral salt solution 
of BaCia. Soil 7, a slack water cl^ subsoil, shows a distinct but small per- 
centage increase in H+ release. Soil 6, a loam subsoil, shows a somewhat 
greater actual and a much greater percentage increase in H+ release. 

® Page, J, B. the relation of ionic size to the fixation of potassium 
and other cations by colloidal clay. Ohio State Uiiiv. Doctoral Diss. 32« 
1940. 
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point was approached after five washings, the soil and salt were oven- 
dried, redispersed, and the H+ titrated. As shown in figure 3, the 
successive dryings which followed caused an additional release of H+ , 
The total and the percentage increase were much greater for the soil 
with lowest exchange capacity and less clay. 

INFLUENCEIOF DRYINGfON SOIL BUFFERING AGAINST DIFFERENT CATIONS 

It is evident from the tables that drying eliminates part of the 
differences in buffering commonly associated with the different cations. 
With Na the decrease in pH due to drying is consistently greater than 
with Ba. This would, of course, tend to bring Na and Ba buffer 
curves closer together because, as is well known, Na normally increases 
the pH of a soil more than an equivalent amount of Ba. 

The drying influence on cation differences is shown more clearly for 
two soils in. figures 4 and 5. Here the drying has been continued 
long enough to approach the minimum pH, which is not true of all 
the values shown in the tables. 



M.E. of base 

Figure 4. — Buffering of a Dekalb loam subsoil against several bases. Note 
the distinctly different curves for Ba and Na in moist suspensions but the 
overlapping of values after drying. It seems evident that drying eliminates 
much of the difference between bases. 
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In figure 4 the soil buffermg is dominated by the clay; in figure 5 
by organic matter. With both soils the differences among Na, Li, K, 
and Ba are small and rather inconsistent. The writers suspect that 
the variations shown are mainly inherent errors, because 0.2 and 0.3 
pH variations are common when an attempt is made to duplicate a 
particular dry buffer curve at a different date. Some of the sources 
of t^s error are shown to be associated with a lack of complete or 
equilibrium drying, some with the degree or time of grinding or 
stoking. In any case, it is clear that drying eliminates most of the 
dinCTCtoes among bases as they affect the pH of soil. This reduces 
soil buffering to a more or less absolute property which may be defined 
mdependently of the base used. 

SOME FACTORS WHICH MAY CAUSE VARIATIONS IN THE DRYING EFFECT 

Drying Time 

Many of the data reported in the early part of this paper are based 
on a more or less mdefinite time of drying. This appeared iustified 
by the beliei that a few days at 105^ 0. would invariably result in 
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constant weight and little likelihood of other changes. This assump- 
tion gave results that were satisfactory in showing some of the general 
influences of drying, but many unexpected and variable detailed 
results led to a more critical examination of the effect of time. 

Table 8 shows that a few days of drying are not enough to give 
minimum pH values. There is a trend downward which extends over 
a period of 20, 30, or more days depending on the soil. When much 
organic matter is involved the time required to attain a minimum 
value seems to be longer than when the buffering material is clay. 


Table 8. — Influence of time of drying on pH of several different soils treaied with 
bases; the bases were added in solution and drying was started after about $ days 
of contact 


Soil 

M. E. and 
kind of 
base 

pH of soil after drying for number of days indicated 

1 

2 

3 

4 

7 

10 

14 

15 

18 

27 

32 

48 

64 

Ashby silt loam 

(11.0 Na.... 
15.8 Na... 
,14.0 Ba„.. 
f4.9 Na _ 

6.6 
7.6 
7.0 
7.0 
7.9 
6.2 
7. 05 
7.9 


6.45 

7.6 

6.85 

6.8 

8.1 

5.8 

6.9 
7.8 

6.2 

7.6 

6.45 

6.35 

7.2 

5.8 

6.85 

6.05 

6.6 
6.7 

5.4 

6.5 

7.6 

6.0 

6,8 

5.8 

6. 55 














Calvin silt loam 









5.55 

6.5 

5.5 

6.5 







9.7 Na..... 








•^3.6 Ba 








surface - 

Dekalb sandy clay 

7.0 Ba 

.10.6 Ba.— 
/2.0 Na 

4.45 

5. 45 
5. 95 











4.0 

5.0 
5.75 



3.87 

4.9 

5.5 

3.95 

4.70 

5.3 




6.0 Na 






8.0 Na 

2.9 Li 


..... 




'z.s 

4.2 

6.0 

6.7 




3.7 

4.1 

6.9 

6.4 

3.9 

4.1 

6.1 
6.6 

3.7 

4. 15 
6.86 
6.05 

loam subsoil. 

Blago silt loam 

5.9 Li 










U.9 Li 










.12.1 K 










(20 Na-.-.. 


5.45 
6. 96 
7.05 


4.9 

6.4 

6.7 






{50 Na 












high organic.. 

Purdy silty clay 

70 Ba 












(4.9 Li 






6.1 

7.7 

6.1 

6.6 



'A8' 

7.2 

4,96 

6.1 

6,0 

7.45 

5.0 

6.6 

4.7 
■V.l 

4.8 

6.9 

24.7 Li 










Is.O K 

15.0 K 





















The complete explanation of this long time requirement is some- 
what uncertain, but it may be related to the loss of the last remnants 
of water from the sample. Table 9 shows that a significant loss of 
weight by the type of samples being studied extends over a consider- 
able period of time. This water would, of course, be concentrated on 
colloidal surfaces as would the various cations and might thus exert 
an influence out of aU proportion to the quantity of water involved. 


Table 9.- -Influence of time of drying on loss of weight by W-gram samples of soil 

treated with bases 


.Soil 

M. E. of base 

Oumulative po'cent loss of weight by ovm drying for 
number of days indicated 

2 

■ ' 4' ' 

8 


24 

36 




0.028 

,038 

.183 

.177 

0.061 

.102 

.400 

.403 

.149 

.700 

,767 

"'QM' 

.150 

.811 

1.090 

,149 
.902 
1 196 

Dekalb loam subsoil 

Purdy silt loam surface 

/20 Na 

\17K — 
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Grinding 

It has not been considered desirable to grind samples for the pH 
determinations, but tests were made to find out whether this might 
be a source of error. Table 10 shows that grinding to pass a 40-mesh 
screen can cause a definite change of pH. The effect may be either 
an increase or a decrease dependmg on the nature of the soil {2). 
Grinding should, therefore, be avoided. 


Table 10 .^ — Changes in pH of oven-dried samples caused by grinding 


Soil 

Base M. E. 

pH of 
slaked 
samples 

! pH of 
ground 
samples 

Change due 
to grinding 

i 


/12Na 

7. 85 

8.1 

+0.25 


iONa - 

6. 6 

6. 9 

+.30 


8Na — 

5. 95 

5. 95 

None 


6Na 

5. 45 

5.15 

30 


4Na-.. ■ 

4. 65 

4.9 

+.25 


2 Na 

4. 45 

4.6 

+.15 

Dekalb sandy clay loam siibsoiL. 

(14 Ba--- 

7. 95 

7. 75 

-.20 


12 Ba... 

7.3 

7. 15 

-.15 


10 Ba - 

6. 3 

6. 1 

-.20 


8Ba-,.-- - - 

5. 2 

5. 25 

+. 05 


6 Ba - - 

4, 75 

4.8 

+.05 


4Ba..T - 

4. 45 

4.45 

None 


\3 Ba, - -..-.J 

4.2 

4.3 

+. 10 


f60 Na 

7.5 

6. 95 

55 


40 Na J 

7.1 

6. 5 

-.60 


30 Na 

6. 35 

5.8 

-.55 


20 Na - - 

5. 65 

5. 45 

-. 20 


80 Ba. 

7.6 

7,3 

-.30 

"Sbip’o silt loam 

(70 Ba 

7.3 

7. 05 

—.25 


60 Ba - 

6. 86 

6. 05 

-.80 


40 Ba 

5.8 

6.7 

-.10 


30 Ba--- 

5. 35 

4. 75 

-.60 


20 Ba.--- -.--i 

4. 85 

4. 25 

-.60 


,10 Ba j 

4. 0 




1 





Time of Crushing 

Although thorough griuding is unnecessary, a sample dried from 
a suspension must be crushed in order to give a good mixture and to 
be suitable for the pH test. It did not seem that the exact pi’ocedure 
for crushing should make much difference, but comparisons shown in 
table 11 indicate that the time of crushing can influence the results. 


TiBLi 11 . — Influence of tims of crushing on the pH of Dekalb sandy day loam 
subsoil dried with different increments of base , 


Base M. E, 

^ '-i 

pH of soil xiaste 

Crushed after 1 day, 
then dried for— 

Crushed only after 
drying lor— 

30 days 

44 days 

31 days 

, 45' days' 

3.f)'Na .'■■■■ 

' 

4 5 

" 4- 5 



7.1 Na ^ ' 

.5.3 1 

5,2 

■ 0^ 3' ■' 



11.1 Na- 

6 4.5 



15.2 Na,— .+,.^ 

X 3 

■ '''S-'l 


2-96 X- - ' 

4 6 




7.1 K — 

4 9 

" 4 8"^' 

5.2 

■ ‘ ■ 'ft'. I' 


10.9 X ■' A ■ ■ 

6 9 

'■ ■■ 5:'8'' ; 

' ' ' 7» 8''' .' 

A A 

15.1X ... 

7 ! 9 

..... 0 ., ,1 

' ■ ft"' £ 

0* U 
<l A 
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For some reason, crushing after 1 day of drying resulted in lower 
values than when the soil mass remained intact until the end of an 
extended drying peiiod. 

Temperature op Drying 

Since drying at a fixed temperature such as 105® C; is somewhat 
arbitrary, a higher temperature was used with some samples to deter- 
mine whether this might cause an even lower pH. But the differences 
in pH values at 150® and 105® were rather small and inconsistent. 
In some cases a lower value was obtained, in others a higher one. A 
few comparisons are summarized in table 12. It appears that with 
sufficient time a true minimum is reached at about 105®, and the 
150® temperature cannot be expected to cause any additional lowering 
of the pH. A small increase in pH with some samples appears 
significant and may be due to the volatilization of certain acid 
constituents at the 150® temperature. 

Table 12. — A comparison of the pH values obtained after drying at 105^ C. and at 

160^ C. 


Soil 

Amount and kind of 
base added, M. E. 

. 

pH after drying at- 


105* 

> C. 

- 150* 

’ C. 

15 days 

Approx- 

imately 

5 days 

28 days 

Approx- 

imately 

5 days 


(3 K 

3.8 


4.5 



6 K. 

4.5 


4.8 



9 K 

5.4 


5.4 


Dekalb sandy clay loam 

h2 E 

6. 6 


6.5 



16 K...... 

7.9 


8.0 



3 Na 

3.8 


4.4 



Ul.2 Na.. 

6.0 


6. 2 


mtz silt loam surfacp. 

None... - 


5. 2 


^ 6,3' 

Do 

...... do... 


5.5 


5.5 

Frederick subsurface ..... 

do........ 


6. 0 


5. 9 

D ekalb sand 

.....do.... 


4.0 


' ■ ' 4. 2 

Calvin subsurface .. .. ..... 

do.. 


4.0 


' -,4.1 

Calvin subsoil 

do.. 


3.6 


3. 7 

Ashby silt loam surface - 

do. 


4.1 


4.1 

Ashby silt loam subsurface 

.....do.. - 


4- 0 


4. 1 

Do 

.....do 


4.0 


4.1 

Cory don clay subsoil ... 

do........ 


6,9 


6. 0 

Ungers silt loam surface - 

.do - 


4.4^ 


4. 7 

U ngers silt loam subsoil . 

do.............^ 


4.5 


,4. '5 






, p 


GENERAL DISCUSSION 

Results presented show that with the varied soils and soil materials 
studied drying causes a considerable change in soil buffering relation- 
ships, as well as in the observable aggregation. It appears that the 
buffer curve of any soil may be thought of as being defined within 
two extremes. The weakest buffering is that obtained by placing a 
soil and a base in contact in a dilute suspension. After approximately 
2 days of contact a fairly well defined curve is obtained which is 
ordinarily accepted as the buffer curve for the soil with the particular 
base used. This is also ordinarily the most dispersed condition for 
the soil. The curve is invariably higher on the pH scale for bases 

834002—49 3 
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like litMiiiB and sodium hydroxides than for calcium or barium. This 
also corresponds with the degree of dispersion. ^ 

If,_^ after essential equilibrium has been attained, the soil-base sus- 
pension is thoroughly dried, then redispersed in water, a different 
buffer curve is obtained. The soil is also more completely aggregated. 
This curve invariably falls completely below the ordinary curve on 
the pH scale and shows stronger buffering. The least actual pH 
change caused by the drying is usually for the soil with no base added. 
Here, too, there is likely to be the least difference in aggregation. 

Soaking in water following drying causes increases in the pH values. 
It also causes the soil to tend to redisperse. The soil with no extra 
base added usually returns to essentially the original value within 30 
days, but mth base additions the pH may not entirely return even 
after 6 months of continuous soaking; that is, the most quickly re- 
versible process seems to be that which involves the soil without 
freshly added base. Drying apparently changes some relation be- 
tween the soil and fresh base in such a way that it is only very slowly 
and often incompletely reversible. This change would seem to con- 
sist of a closer association of the basic ion with the exchange complex 
much the same as aggregation is favored by the drawing together of 
the colloidal surfaces. A closer attachment would naturally be ex- 
pected as a result of drying, and it also seems reasonable that a hys- 
teretic effect might result from drying, as in many physical and chemi- 
cal phenomena. This might be thought of as a simple mechanical 
entrapment. The extreme smallness of the H+ ion when dehydrated 
would explain why it might completely escape entrapment and be free 
to contribute to a somewhat increased concentration of hydrogen ion, 
or lower pH. In the case of base-free soil (acid leached or electro- 
dialized) the effect of drying on pH might be accounted for by a 
drawing together of colloidal surfaces so closely that some negative 
chaiges w^ould become ineffective. Kehydration by soaking would 
reverse this process, as shown by the increase of pH values. 

When soils are limed in the field the process of aging, primarily 
wetting and drying, would bring bases into a closer association with 
colloidal surfaces just as indicated in the laboratory. This would 
help to account for the fact that a liming factor has been necessary 
to convert laboratory buffer values into field liming recommendations. 
The dry buffer curve as described gives an indicated buffering which 
is of the proper order of magnitude to account for a liming factor of 
*P- seems likely that many of the recognized variations of 
soil pH in the field both before and after liming are within the zone 
defined by the moist suspension and the dry buffer curve The. 
momentary pH would be expected to reflect the relationship of the soil 
and base with respect to the cycle of hydration or dehydration. The 
lowest pH would be the point of closest attachment between soil and 
base, and also between colloidal surfaces. It would, therefore seem 
to correspond to the highest aggregation. ^ 

Since drying completely alters the shape of a soil buffer curve, giving 
essentially a straight line relationship between pH and miUiequiva- 
ients of base added in many cases, there seems to be some doubt as 
to wnethei the shape of the moist buffer curve is very significant in 
detemimmg such properties as exchange capacity. The shape changes 
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again on hydration but does not seem to have a well-defined form 
which can be readily interpreted. 

Drying was also shown to influence the amount of exchangeable 
H+^as determined with a neutral salt (BaCb). With neutral am- 
monium acetate leaching it was shown that for two soils the retention 
of NH4 ions as a measure of exchange capacity was little altered by 
drying. The bases recovered were sometimes in excess of the NH4+ 
retention/ although the pH of the soils with bases was well below 7. 
Drying thus caused an apparent contradiction by this method of 
determination. It seems likely that other methods of determining 
exchangeable H+, exchangeable bases, and exchange capacity might 
be influenced in a manner similar to that shown for the buffer curve, 
the BaCb, and the NH4AC methods. A consideration of the hydra- 
tion factor and its influence on the tightness with which bases are held 
might help to reconcile some of the discrepancies among methods and 
explanations noted in the literature. An apparent build-up of ex- 
change, for instance, could be accounted for by a closer association 
between the cation and the coUoid, at least by certain methods of 
determination. 

The fact that the drying effect upon soil pH and buffering is similar 
for a variety of soils and subsoils, for one electrodialyzed clay with 
high exchange capacity, for pure kaolinite and for bentonite seems to 
indicate that the phenomenon is of very general application. This is 
further emphasized by the comparisons among bases which show that 
Na, Ba, K, Li, and Ca all respond similarly. These similarities among 
soils and among the bases suggest that the drying influence can be 
classed as a typical hysteresis loop in buffer curves, and is probably 
traceable to some sort of closer association between cation and colloidal 
charges. 

There are definite indications from observations and from actual 
measurements that drying increases soil aggregate stability (M) as 
well as acidity. This aggregation may be related to the indicated 
drawing together of clay surfaces and increases in acidity. At least, 
this should be investigated further along with the detailed physical- 
chemical relationships mentioned. This suggests that the aggregation 
and the increased acidity may be related through a common cause. 
The cause which appears most likely is the drawing of colloidal sur- 
faces so close together by drying that molecular forces prevail and 
tend to prevent a complete rehydration. This paper does not offer 
an answer to many of the detailed, quantitative questions which are 
raised in considering the effect of drying on soil acidity and aggrega- 
tion. Much more experimental work and theoretical study appear 
needed. The interrelation of drying, hydration, base exchange, 
acidity, and soil aggregation seem, to appeal almost equally to the 
theoretical and the practical soil scientist. 

SUMMARY 

A review of the literature suggests that many questions regarding 
soil buffering relationships are not yet answered. The effect of 
drying is introduced as one approach to answering some of the theo- 
retical and practical questions involved. 

pH determinations of many vaiied samples show that oven drying 
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definitely increiises tlie acidity as compared to that of moist or' air- 
dried materials. The effect is most pronounced when freshly added 
bases are involved but is also evident in soils leached free of bases. 
An increased buffering results from the greater effect wdth added bases. 
Alternate soaking and drying has little more effect than a single 
drying. The reversibility of the effect of drying with fresh bases is 
very slow and probably never complete^ at least with some soils. 
When no new bases are added the pH usually returns to the original 
value in, 30 days or less. 

Oven drying had only a small influence on the exchange capacity or 
exchangeable bases in one surface silt loam and one clay subsoil by 
ammonium acetate leaching; but it resulted in the peculiar situation 
of having a higher content of bases than the exchange capacity helcl 
by the soil at pH values well below neutrality. Oven drying of soils 
also increased the release of H+ to a neutral salt. 

Buffering comparisons involving Li, Na, K, Ba, and Ca show that 
drying eliminates most if not all of the differences normally shown by 
these different cations. 


A consideration of factors causing variations in the effect of drying 
shows that drying of 20, 30, or even more days is necessary to give a 
minimum, reproduceable pH. Grinding after drying increased the 
pH in all cases with a subsoil clay and decreased it with a high organic 
surface soil. Crushing in the early stage of drying caused the pH to 
go somewhat lower than when crushing was\lelayed until after a 
prolonged drying. A temperature of 150'' C. gave results only slightly 
different from those at 105°, and in most cases the change was a small 
increase in pH. 

A general discussion points out that the drying effect may help to 
reconcile some apparent contradictions of methods and results in the 
literature. It also appears to have possible application both in 
practical and in theoretical studies. The similarity of results with the 
various cations offers some opportunities for establishing an absolute 
buffering value independently of the cation used. In field liming the 
indicated dry buffering may help to account for the necessity of a 
'Timing factor^^ to convert laboratory values to field requirements. 

The fact that aggregation and acidity are both increased by drying 
suggests that the drawing together of colloidal surfaces may be the 
fundamental cause of both phenomena. Much more study is needed 
to clarify this point and other details of the interrelations among 
drying and rehydration, buffering, and aggregation. 
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HATCHABILITY IN RHODE ISLAND REDS AS AFFECTED 
BY AGE OF PARENTS ‘ 

By F. A. Hays, research professor of poultry husbandry^ and D. W. Talmadge, 

research assistant poultry husbandman^ Massachusetts Agricultural Experiment 

Station 

INTRODUCTION 

Hatchability in individual females or in pens is usually measured 
by the percentage of fertile eggs that hatch. This character is vitally 
important in the economical propagation of the flock. Females that 
give low hatchability have very little value as reproducers and are 
usually discarded even though they may possess many desirable char- 
acters as far as egg production is concerned. There is rather general 
agreement among investigators that hatchability is an individuaJ 
trait and that both heredity and environment have important effects. 

Landauer {10) ^ in 1941 reviewed the problem thoroughly so that any 
extensive review of the literature is unnecessary. Insko, Steele, and 
Wightman (9) have brought the literature up to date (1947) and 
have presented new data pointing to a decline in hatchability as 
females grow older. 

EXPERIMENTAL RESULTS 

The hatching records of pedigreed Rhode Island Reds bred at the 
Massachusetts Agricultural Experiment Station for high fecundity 
have been examined for the 15-year period from 1933 to 1947. Only 
individuals laying 10 or more fertile eggs have been included. It is 
the opinion of the writers that a considerable volume of data secured 
over a period of time presents a truer picture of the actual than would 
be the case with /wer data subjected to detailed statistical treatment. 

AGE OF MALE IN RELATION TO HATCHABILITY 

Male breeders ranged in age from about 10 months to 48 months. 
Males were grouped into four classes: cockerels (up to 12 months); 
yearlings (up to 24 months); 2-year-olds (up to months); and 3- 
year-olds (48 months +). Most of these males were mated to females 
of various age ranges; thus the relation of age of male to hatchability 
may be examined. 

The data show that the mean hatchability of the four classes was 
as follows: 135 cockerels, 83.64 percent; 143 yearlings, 80.67 percent; 
60 2-year-olds, 82.26 percent; and 12 3-year-olds, 80.67 percent. 

1 Received for publication July 6, 1948. Contribution No. 671 from the Massa- 
chusetts Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 290. 
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These gross data suggest that the age of male breeders has very little, 
if any, effect oil hatcliabilitj 

A more accurate measure of the effect of age of males lies in the 
comparison of the records of identical males in successive years not 
shown ill tables. These males were mated to similar age groups of 
females. Eight males which in the breeding pens had a mean hatch- 
ability of 84.6 percent as cockerels had a mean hatchability of 81.2 
percent as yearlings. Five males were used in 3 successive years 
with the following hatchability records: As cockerels, 86.3 percent; 
as yearlings, 73.5 percent; and as two-year-olds, 90.2 percent. Seven- 
teen males placed in the breeding pens first as yearlings gave a mean 
hatchability of 83.3 percent this first year, 79.0 percent the next year. 
Four males were tested first as yearlings and for the 2 following years. 
Their liatchability records were 89.8, 84.3, and 82.6 percent. 

These rather limited data suggest that hatchability declines at a 
very slow rate as males grow older. This fact is in accord with pre- 
vious observations (5, fi, 4, d) that hatchability is governed largely 
by inheritance which should not change with age, but that certain 
unknown physiological factors may also be in operation. 

The complete data for the 15-year period are presented in table 1. 


Table 1.— -Hatchability and age of breeders for the 15-year period 


Mating 

Sires 

Dams 

Average 

hatchability 

Pullet X: 

Number 

Number 

Percent 



Cockerel 

87 

518 

83.8 

Yearling. 

43 

234 

81.9 

2-year-oid..., .. 

16 

66 

82.7 

3-year-old or older 

2 

3 

90.1 

Totals and ineans.-. 

148 

821 

83. 2±0. 8607 

Yearling X: 




Cockerel 

26 

69 

97 

342 

84.8 

81.5 

Yearling 

2-year-oid 

25 

114 

84. 9 

3-year-old or older 

5 

17 

83. 3 

Totals and means 

125 

570 

82, 9±0.8S42 

2-year-old X: 




Cockerel ... .... 

Yearling . 

2-year-old.. ... 

1 . ' 17 

20 

42 

48 

83.4 

78.5 

! 12 

36 

80.9 

3-year old or older 

5 

17 

74.2 , 

Totals and means 

54 

143 

80.2=1:1.9542 

3-year-old or older X: 




Cockerel .... 

5 

8 

16 

10 

'■75.6' 

■ 74.6 ' 

74.1 

Yearling 

2-year-oid 

11 

7 

3-year-old or older 






Totals and means ' 

23 

33 

74. 6=1:2. 4902 


AGE OF FEMALES IN RELATION TO HATCHABILITY 

The means for the four age groups of females are given together with 
their standard error. It will be observed that a significant drop in 
hatchability first appeared in females that were 3 years old or older. 
iMnce there were only 33 females in this oldest group the decline in 
the mean does not afford conclusive evidence. 
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THE CHANGE WITH AGE IN THE HATCHABILITY OF IDENTICAL FEMALES 

A total of 131 females gave a mean hatchability of 87.6 percent in 
their pullet year and 81.8 percent in their yearling year. Of 25 
females used in 3 successive years, the mean hatchability was 91.8 
as pullets, 84.3 as yearlings, and 83.0 percent as 2-year-olds. Seventy 
females were first placed in the mating pens as yearlings and were 
agaiii used for breeding when 2-year-olds. Their hatchability as 
yearlings was 87.1 percent and as 2-year-olds, 77.9 percent. Twenty 
females that began their test as yearlings were tested over 3 years 
with a mean hatchabihty of 93.0 percent, 87.0 percent, and 74.4 
percent. 

In general, there was more decline in hatchability as age increased 
when identical females were examined than was shown in table 1 
for the whole female population. This difference would be expected 
because a considerable number of pullet breeders gave low hatching 
records which eliminated them from further testing and reduced the 
mean for the complete pullet group. This same situation also applies 
to females that began their test as yearlings. In general, these data 
indicate that pullet or yearling breeders are likely to show a decline 
in hatchability with age. 

IDENTICAL MATINGS IN SUCCESSIVE YEARS 

Few identical matings are available for study of the effect of age 
of both parents on hatchability. Five identical matings were used 
in which the same parents were placed in the mating pens as cockerels 
and pullets and again as yearlings. The mean hatchability in these 
cases was 81.8 percent for the first year and 76.1 percent for the second 
year. 

Five matings in which the sires were 2-year-olds and the dams were 
yearlings in the first year and in the second year both parents were 1 
year older gave means of 93.6 percent and 80.1 percent hatchability 
respectively. These limited data from identical matings indicate 
something of a tendency for hatchability to decline as parents grow 
older. 

EMBRYONIC MORTALITY IN RELATION TO AGE OP PARENTS 

Dead embryos were grouped into four general classes with respect 
to age at death. Eaxdy deaths include those from the first to about 
the fifth day of development; late deaths include those from about the 
sixth to the eighteenth day; and very late deaths those that occurred 
after the eighteenth day up to full term. Very late live embryos 
include those developed to full term, remaining alive on the twenty- 
second day but failing to emerge from the shell. 

Early embryonic mortality was practically the same from pullet 
and yearling mothers, about 4.3 percent (table 2). This means that 
slightly more than 4 percent of the fertile eggs gave rise to embryos 
that died early in incubation. There was some increase in mortality 
of embryos from 2-year-old mothers and a very marked increase in 
those from the very old hens. Table 2 shows also that this tendency 
for embryos to die early generally increased when the older males were 
mated to 2-year-old or older hens. Any effect of age of male does not 
appear when pullet or yearling mothers were used. 
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Table 2 . — Percentuge of efubryonic ‘mortality for the 15-year period 


Mating 

Sires I 

Dams 

Average embryonic mortality 

Early 

I-iate 

Very late i 

Pullet X: ■ 

Number 

Number 

Percent 

Percent 

Percent 

Cockerel — ; 

87 

618 

4.1 

9.4 

2. 3 

.Yearling — ^ 

43 

234 

4.7 

10. 4 

2.2 

B-year-oW. 1 

16 

66 

5.0 

10.6 

1. 3 

3 -year" 0 ld or older ! 

2 

3 

1.1 

4.7 

2,0 

Totals and means 

148 

821 

4. 3±0. 2735 

9. 7±0. 6397 

2.2±0.1903 

Yearling X: 






Cockerel 

26 

97 

2.8 

8.1 

2.9 

Yearling 

69 

342 

5.1 

9.8 

3.1 

2-year-'old 

25 

114 

4.0 

' 7.7 

1.8 

S-year-old or older 

5 

17 

4. 6 

8.4 

2.8 

Totals and means....-- 

125 

570 

4.4±0. 3396 

9. 0±0. 5325 

2. 8db0. 2896 

2-ye.ar-old X: 






Cockerel 

17 

42 

4.5 

7.7 

3. 7 

Yearling 

20 

48 

5.0 

13. 5 

2.7 

2 -year-‘ 0 .id 

12 

36 

9.7 

7.3 

1, 0 

3-year-old or older 

5 

17 

I 9.1 

12.2 

2.9 

Totals and means 

54 

143 

6.3±0.6690 

10. 2±1. 1762 

2. 7±0. 6003 

3-year-old or older X: 

- 





Cockerel 

5 

8 

7.1 

! 12.2 

3.2 

Yearling— 

11 

15 

9.0 

12.8 

2.1 

2-year-old 

7 

10 

12.9 

8.5 

3.9 

S-year-old or older . 

j 0 

0 


— 








Totals and means 

23 

33 

9. 8±1. 7205 

11. 4i:L8938 

2.9±0. 6945 


» Fully developed embryos that may or may not break the shell. 


There was no evidence to indicate any significant effect of age of 
either parent on late or on very late embryonic death rate. 

FULL-TERM LIVE EMBRYOS THAT FAIL TO EMERGE 

Specific causes for the failure of live embryos to emerge from the 
shell are but little understood. A small number of lethals that pro- 
duce morphological effects have been described, and the influence of 
position has been extensively studied by Byerly and Olsen (S), Hutt 
(7), Insko, and Martin (5), and many others. The work of Byerly 
and Olsen (1), Dove {3\ and Waters {12) raises doubt concerning the 
importance of malpositions as factors in hatchability. 

T able 3 gives the complete data on the percentage of full- term embryos 
that failed to emerge even though the embryos were alive on the 
twenty-second day. The relative incidence ranges from 1 to 9 per- 
cent, but the average is rather low. There is considerable evidence 
to pggest that when the parents are older, the incidence is higher. 
This fact accounts in part for the decline in hatchability with increase 
in age of parents. 

The general results of the study of embryonic mortality over 15 
years seem to point to a higher early embryonic death rate from mat- 
ings of older parents, to no significant relation of age of parents to late 
or very late embryonic death rate, and to an increase in the percentage 
of live embryos that fail to emerge in eggs from older parents. These 
facts largely explain the observed decline in hatchability as birds 
grow older, but it seems probable that unrecognized physiological 
factors also are operating. 
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TabI;E 3. — Percentage of live full-term embryos that failed to emerge during the 15-year 

period 


Mating 

Sires 

Bams 

Average 

Pullet X: 

i Number 

Number 


Cockerel- ' 

30 

202 

1.4 

Yearling-- : 

1 17 

124 

2.0 . 

2'year-ol<i - 

7 

30 

1.0 

S-year-old or older 

2 

3 

2.2 

Totals and means — 

56 

359 

1. 5=1:0.2012 

Yearlings X: 




Cockerel 

8 

: 27 

4.6 

Yearling-.- 

22 

125 

1.9 

2>year-old- 

12 

47 

3.3 

3-year-old or older 

2 

4 

2.4 

Totals and means 

44 

203 

2.8±0.3954 

2-year-old X: 




Cockerel 

6 

13 

2.0 

Yearling 

3 

7 

2.1 

2-year-old 

7 

24 

1.9 

3-year-old or older.;. 

2 

7 

4.0 

Totals and means 

18 

51 

2. 2±0.5911 

3-year-old or older X: 




Cockerel - 

3 

5 

3,4 

Yearling 

2 

3 

9.0 

2-year-old 

3 

4 

1.7 

3-year-old or older 




Totals and means 

8 

12 

4.2±1.6503 


SUMMARY 

A study was made of the complete hatching records of Rhode Island 
Red chickens bred for high fecundity over a 15-y6ar period to discover 
possible relations between age of parents and hatchability. The data 
included 135 cockerels, 143 yearlings, 60 2-year-olds and 12 3-year-olds 
as male parents, and 821 pidlets, 570 yearlings, 143 2-year-olds, and 33 
older hens as female parents. 

The following deductions were made from these data: 

(1) Hatehabuity declines at a slow rate as males grow older and 
at a somewhat higher rate as females grow older. 

(2) Males used in successive years exhibit some decline in haltch- 
ability. 

(3) Females tested in successive years tend to show a declining , 
hatchability. 

(4) Identical matings in successive years demonstrate this effect 
of age . 

(5) Embryonic death records show a greater incidence of early 
embryonic deaths from eggs of older parents as well as a higher 
incidence of fuU-term live embryos that failed to emerge.^ 

(6) Late and very late embryonic deaths were no higher in eggs 
from older than from younger parents. 

(7) No specific causes for the changes in embryonic losses with 
increased age of parents have been found. 
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EFFECT OF SODIUM SULFAMERAZINE ON SALMONELLA 

PULLORUMi 


By E. Robebts, Department of Animal Science^ A. Eisbnstark, Department of 

Bacteriology, and J. 0. Alberts, Department of Veterinary Pathology and 

Illinois Agricultural Experiment Station 2 

INTRODUCTION 

The therapeutic value of some of the sulfonamides in reducing 
mortality among chicks infected with Salmonella pullorum has been 
shown by the work of Severens, Roberts, and Card,^ by Roberts, 
Card, and Alberts,'^ and by others. It is well known that in some 
cases a tolerance to a sulfonamide may be acquired by bacteria. 
It is therefore important to know whether or not Salmonella pullorum 
may acquire tolerance, for if it does, the effective use of sulfonamides 
in the control of pullorum disease may be greatly decreased. A 
culture of Salmonella pullorum was grown in increasing concentrations 
of sodium sulfamerazine and. chicks were inoculated with the treated 
and untreated cultures to determine what effect, if any, was produced 
by the sodium sulfamerazine. 

METHODS 

A culture was produced from a single bacterium. This was divided 
into two subcultures. One served as the control and the other was 
grown in a medium containing sodium sulfamerazine. The basic 
medium used was tryptose phosphate broth with 0,2 percent dextrose. 
The beginning concentration was 100 mg. of sodium sulfamerazine 
per 100 ml. of medium. This was increased by 10-mg. increments 
until the final concentration of 200 mg. was reached. The length 
of time between the first and final concentration was 98 days. The 
first inoculations of chicks with the treated and control cultures were 
made when the culture had been grown for 36 days in a 200-mg. 
concentration of sodium sulfamerazine (table 1). At the second 
and third inoculations the times were 268 and 275 days respectively 
(table 2). At the last inoculation the time was 298 days (table 3). 
All chicks were New Hampshires and were from pullorum-free flocks. 
During the first 134 days transfers were made at least daily and after 
that about twice each week. The control or untreated culture was 
transferred at the same time as the treated culture, so that at any 
given time the number of transfers was the same for both cultures. 
When transfers were first made to a higher concentration an inhibiting 
effect on growth occurred. This soon disappeared and in the highest 

1 Received for publication September 14, 1948. 

2 Acknowledgment is made to Sharp and Dohme, Inc,, for financial aid in this 
investigation. 
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concentration of : 200 mg. per 100 ml. of medium the growth ^ was 
finally as great as that of the untreated culture in normal medium. 
This indicates an acquisition of tolerance to sodium siilfamerazine by 
the treated culture.. Attempts to use a higher concentration always 
resulted in marked inhibition of growth. 

When the untreated culture was put in the 200-mg. concentration 
of sodium sulfamerazine, inhibition of gi’owth occurred but it was 
not lethal A concentration of 1,000 mg. per 100 ml. was lethal, 
but the pH was above 11 and the lethal effect may have been due to 
alkalinity rather than to the sodium sulfamerazine. 

It should be pointed out that the concentration of sodium sulfa- 
merazine may have changed as the bacteria increased in number. 
As they grew, acid was produced which lowered the pH, and some 
precipitation of sulfamerazine resulted. All attempts to buffer the 
medium failed to prevent precipitation. 

All cultures were incubated at 37^ C. and examined after 12 and 24 
hours. The degree of growth in cultures was observed by photo- 
nephelometer turbidity readings and by plate counts. For inocula- 
tion, both treated and untreated cultures were standardized to contain 
the same number of bacteria per dose. Sodium sulfamerazine was 
administered in the feed beginning when the chicks were 1 day of age. 

KESULTS 

The first test of untreated and treated cultures was made with 
day-old chicks orally inoculated with ml. of 24-hour cultures of 
Scdmonella pullorum. All the chicks were fed the same ration con- 
taining 0.5 percent sodium sulfamerazine. The treated culture had 
been grown in the final concentration of 200 mg. of sodium sulfa- 
merazine in 100 naJ . of medium 36 days before the inoculation of chicks. 
The percent mortality during the 21-day period was 29,4 among the 
chicks inoculated with the untreated culture and 13.7 for the group 
inoculated with the treated culture (table 1). 


Table 1. — Mortality of chicks orally inoculated at 1 day of age with untreated and 

treated^ cultures 


•"'I;.;-; 

Chicks 

(number) 

Inoculated with culture— 

Ration No. 

Mortality 
in 21 days 

Average 
weight of 
survivors at 
21 days 


Untreated 

Treated 

391 -^0.6 percent Ssm 2 

Percent 
r ■ . 29,4 

13.7 

’ Grams 

118 

135 




s ^ ^ concentration of 200 mg. of sodium sulfamerazine in 100 ml. for 36 days 


The treated culture was continued in the 200-mg. concentration 
medium and the second and third tests were made 232 and 239 days 
later. In these tests the chicks were subcutaneously inoculated at 3 
days of ^e with Ko ml. of _24-hour cultures. In addition to the two 
groups of chicks that received 0.5 percent sodium sulfamerazine in 
the feed (ration 391), two other groups were inoculated which did 
not receive sodium sulfamerazine in the feed. The results are given 
m table 2. Mortality was significantly greater (P <0.01) among 
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Table 2. — Mortality of chicks subcutaneously inoculated at 3 days of age with un- 
treated and treated cultures 


Chicks 

(number) 

Inoculated with culture— 

Ration No. 

Mortality 
in 21 days 

^ Average 
; weight of 
: survivors at 
21 days 

52 

49 

Untreated. 

391 

Percent 

53.8 

75.5 

Grams 

112 

107 

|, do - 

391 



101 

64.4 

110 

Treated L 

391. 

52 

50 

98.1 

92.0 

91 

85 

do 2 

391 



102 

95.1 

,8 

Untreated 

do 

391 +0.5 percent Ssm 

do 

52 

60 

36. 5 
54.0 

120 

117 



102 

45.1 

118.8 

Treated i 

do A.. 

391 +0. 5 percent Ssm 

do — 

51 

49 

eas ^ 

57.1 

107 

96 



100 

59.0 

101. 4 




1 Grown in medium with 200 mg. of sodium sulfamerazine per 100 ml. for 268 days. 

2 Grown in medium with 200 mg, of sodium sulfamerazine per 100 ml. for 275 days. 


chicks inoculated with the culture which had been grown in the 
presence of sodium sulfamerazine regardless of whether the chicks 
were given sodium sulfamerazine in the feed. 

In a fourth series of tests made 23 days after the third test, but 
using ration 483, similar results were obtained among chicks not 
protected by sodium sulfamerazine. With the untreated culture the 
mortality was 32.4 percent and with the treated culture it was 61.8 
percent (table 3). This difference in mortality is significant (F<0.01). 
These mortalities were lower than those on ration 391, which were 
64.4 percent and 95.1 percent for untreated and treated cultures, 
respectively (table 2). The chicks referred to in table 2 were inocu- 


Table 3. — Mortality of chicks orally inoculated at 1 day of age with untreated and 

treated ^ cultures 


Chicks 

(number) 

Inoculated with culture— 

Ration No, 

Mortality 
in 21 days 

Average 
weight of 
survivors at 
21 days 

' ,61 
51 


' 483... 

Percent 

23. 5 
41.2 

Gmns ' 

124 

,■',,,■128/,^ 





102 

51 

32.4 

125.,7 


483- ... - _ 

66.7 

■,,.,56.9;'' 

■•^■■■+,10' ■ 
'M' . ,, 

dp:. , ■■ ' 

483 i 



, 102' : 

51 

51 

61.8 

. '103.8 

TTntrM.lftd 

483+0.5 percent Ssm 

3.9 

11.8 

145/ '■■■ 

143 





102 

7.8 


TfARted 

483+0,6 percent Ssm—,. 

49 

49 

10.2 

4.1 

//:////\/:/../^:///to/!:^:'j. 


... . — do^- AI .. .. A 



y 'M'i 

7.1 





i Grown in medium with 200 mg. of sodium sulfMnarazine per 100 ml. for 298 days. 
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lated subcutaneously and those referred tO' in table 3 were inoculated 
orally. It has been found by Severens, .Roberts, and Card, ^ that 
mortality among chicks subcutaneously inoculated at 3 days of age 
does not differ greatly from the mortality from oral inoculation at 1 
day of age. The differences in mortality were about the same, 30.7 
percent on ration 391 and 29.4 percent on ration 483. In the last 
test when the inoculated chicks on ration 483 were protected by 0.5 
percent sodium sulfamerazine in the feed mortality was practically 
the same, being 7.8 percent for the untreated culture and 7.1 percent 
for the treated culture. A suggested explanation for this is that the 
combined protection of ration 483 and the sodium sulfamerazine was 
sufficient to reduce mortality to a very low level. Tests are now 
under way to determine the effect of several different rations on 
mortahty among chicks inoculated with Salmonella 'pullorum. That 
the kind of ration has a marked effect on mortality from this disease 
has been reported by Roberts, Severens, and Card.® 

In all the tests without sodium sulfamerazine in the feed the mor- 
tality among chicks inoculated with the treated culture was signifi- 
cantly greater than that among chicks inoculated with the untreated 
culture. This suggests a greater virulence of the treated culture. In 
all tests, except the first, when the treated culture had been grown in 
the 200-mg. concentration for only 36 days, the weights of the sur- 
viving chicks at 21 days were less for chicks inoculated with the 
treated than for those inoculated with the untreated culture whether 
or not sodium sulfamerazine was in the feed. This is also suggestive 
of a greater virulence of the treated culture. The average weight of 
all surviving chicks inoculated with the untreated culture is 128.8 gm. 
and 118.0 gm. for those inoculated with the treated culture. The 
difference is 10.8 gm. with a standard error of 2.94. The odds against 
this occurring by chance are more than 15,000 to 1. 

The greater virulence of the treated culture in the later tests 
(tables 2 and 3) could be the result of a decreased virulence of the 
culture grown in normal medium without sodium sulfamerazine or to 
an increased virulence of the culture grown in the presence of sodium 
sulfamerazine. Whatever the explanation may be the results clearly 
indicate a greater virulence of the treated culture. 

SUMMARY 

Salmonella fullorum was grown in a medium containing sodium 
sulfamerazine. The medium with 200 mg. of sodium sulfamerazine 
per 100 ml. was markedly inhibitory to the growth of the untreated 
culture grown in normal medium. This could be interpreted as an 
acquisition of tolerance. However, the results indicate that the cul- 
ture grown in the presence of sodium sulfamerazine for a long period- 
of time was more virulent than the culture grown in the same kind of 
medium without sodium sulfamerazine when judged by mortalit}^ and 
weight of surviving chicks. 

^Sevekbns, J. M., Roberts, E., and Care, L. E. a sttidv op the defense 

MECHANISM INVOLVED IN HEREDITARY RESISTANCE TO PULLORUM DISEASE OP THE 
DOMESTIC POWI.. Jour. Infcct. 0is, 75: ^3-46, 1944. 

® Roberts, E., Severens, J, M., and Card, L. E. effect op environment 

ON THE EXPRESSION OP RESISTANCE AND SUSCEPTIBILITY TO DISEASE IN THE 

DOMESTIC FOWL. World’s PoWlry C^^^ 1939. 



VIVIPAROUS GROWTH IN IMMATURE BARLEY 
KERNELS! 

By M. N. Pope 

Formerly DMsion of Cereal Crops and Diseases, Bureau of Plant 

Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, United States Department of Agriculture 

INTRODUCTION 

That a cell or group of cells will continue to grow and multiply so 
long as the environment is suitable seems axiomatic. The embryo of 
a barley kernel developing in a spike enlarges rapidly for a time; then 
growth slows down and practically ceases. The endosperm continues 
to enlarge for a considerably longer time, until growth and starch 
deposition cease; then water loss and shrinkage of the seed to an air- 
dried condition follow. The seed remains relatively inactive until 
placed in an environment favorable for germination, when the embryo 
absorbs water and oxygen and resumes growth. In an earlier report 
{12) ^ it was implied that an inadequate supply of water to the embryo 
was responsible for the failure of the embryo to continue growth 
iminterruptedly to the seedling stage while still attached to the parent 
plant. The experiments reported herein were conducted to test that 
implication by comparing such viviparous growth with the normal 
development of the barley seed. 

MATERIAL AND METHODS 

Two pure lines of cultivated barley— one a six-rowed variety 
(Manchuria, C. I. Hordeum mlgare h. emend. Lam.) and the 

other a two-rowed (Hannchen, C. 1. 531, H, distichon L. emend. Lam.) — 
were grown in the greenhouse at the Plant Industry Station, Beltsville, 
Md., in the winter and spring of 1942. Flowers of each variety were 
emasculated and sib-self ed. A very good set of seed resulted in the 
Manchuria spikes, but because of poor pollen only a few Hannchen 
spikes were well filled. These were allowed to develop for 7 days and 
9 days, respectively, when some of the spikes of each variety were 
treated to insure vivipary in some of their growing kernels by laying 
bare the embryo faces and providing them with a constant supply of 
water as previously described The greenhouse temperature 

varied considerably, but a comparison with kernel growth obtained 

1 Received for publication August 24, 1948. 

2 Italic numbers in parentheses refer to Literature Cited, p. 309. 

3 C. 1. indicates ah accession number of Division of Cereal Crops and Diseases. 
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under constant temperatures' {IS) indicated tliat the growing tempera- 
ture averaged ahoiit 21° to 22° C. Samples of five or more Manchuria 
kernels from both the untreated and the treated spikes of the same 
age after pollination were taken daily. Hannchen kernels were' sam- 
pled every third day. . The samples were killed and fixed in Craf fluids 
embedded ill paraffin, and sectioned sagittally 15g thick. For the 
most part, Heidenhain's iron alum haematoxylin and Delafi eld's 
haematoxyliii with safranine were used as stains. 

A series of 5 to 8 typical but selected median sections was magnified 
approximately 10 times with a Leica enlarger and projected upon a 
sheet of 5 by *7 Kodabromide glossy paper. When this was developed 
as a negative print, developmental changes from day to day could be 
followed easily and quickly. 

Since the observations on the Hannchen variety simply corrobo- 
rated those with the Manchuria variety they are not reported herein. 

For studying the development of starch in the kernel, sib-selfed 
Manchuria kernels sampled in January and February 1940 were used. 
Since the greenhouse temperatures then were considerably lower than 
when the 1942 material was grown, growth in the former was slower; 
but by comparing embryo sizes a series of samples that corresponded 
closely to the samples taken daily in 1942 was selected. The 1940 
samples were sectioned in the same w^ay as the 1942 ones, and the 
progress of starch development was studied by staining sections pro- 
gressively and very lightly with very weak iron alum haematoxylin 
and then treating them with iodine-potassium-iodide solution. 

OBSERVATIONS 

As previously reported {12^ vivipary can easily be induced in 
the growing barley kernel by supplying sufficient moisture to the face 
of its exposed embryo surface. Treatments given 6 to 9 days after 
pollination resulted in the appearance of seminal roots and the begin- 
nings of plumule elongation on the fifteenth day after pollination. 
Probably because of dift'erences in water absorption by different ker- 
nels, root and plumule emergence from the treated kernels were not 
simultaneous. The typical appearance of treated spikes was illus- 
trated {14 j jig, 10). Occasionally vivipary is induced in kernels 
wi-apped in wet cotton without removing the lemma over the embryo. 
This indicate the availability of water as the chief factor in producing 

Studies of the development of the kernel of Manchuria barley at 
20° C. have shown that 1 day after pollination the fertilized egg cell 
has divided once and the fusion nucleus has produced about 16 naked 
endosperm cells located at intervals in the undulating sheet of cyto- 
plasm lining the egg sac (fig. 1, A). Four days after pollination (fig. 
1, B) there are approximately 64 embryo cells and about 100,000 
endosperm ceUs as estimated by extrapolation of the 20° curve {13, 
Jig. 2). These endosperm cells form a continuous mass in the lower 
fifth of the embryo sac. Those Mjacent to the embryo are the densest 
and most tightly packed* The remaining endosperm cells form a layer 
around the inside of the embryo sac, 2 or 3 cells thick on the chalazal 
side and only 1 cell thick on the opposite side. The distal ones are 
the last to get cell walls. By the fifth day after pollination (fig. 1, 
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O) the cavity within the embryo sac is filled with endosperm cells 
practically all of which have cell walls. The embryo is still undiffer- 
entiated on the sixth day after pollination (fig. D). Meanwhile 
the ovule, which was about 1.6 mm. long on the first day after polli- 
nation, has grown to a length of about 5.4 mm. 



Figure 1. — Sagittal sections of barley ovules. A, One day after pollination, 
showing embryo sac containing antipodals, 2-celled embryo, and 6 of the 16 
endosperm cells. B. Four days after pollination, when the endosperm cells 
extend full length of embryo sac and fill the lower fifth of it. C, Five days 
after pollination, when endosperm cells fill the embryo sac. D, Six days after 
pollination, when differentiation has just begun in the embryo. E, Eight days 
after pollination, showing fibrovascular bundle in the lower end of the furrow 
at the right; about 250 vessels are present at the level of the lower end of the 
embryo (a) and only about 25 at the level of the upper tip of the scuteilum (6). 
All X 13. 

On the day of treatment the Manchuria ovules have attained a 
length of approximately 7 mm. and the embryos an average length 
of 0.56 mm., which is equivalent to about 8 days^ growth at 20° C. 
Xhe plumule and primary root have bc^n to show differentiation; 
thereafter both treated and untreated jkeriiels grew rapidly. The out- 
lines of approximately median sebtions of embryos of Man- 
churia barley, beginning on the diay for vivipary and at 

daily intervals thereafter^ are'ahb#h The trea^ted etnbryos 
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Figure 2. — Outlines, drawn with camera lucida, of median sagittal sections of 
barley embryos, 7 to 15 days after pollination. ^4, Seven days after pollination, 
the time of beginning of treatment to produce vivipary, B to /, Successive 
daily stages of embryos, untreated at the left and treated at the right; vivipary 
evident in 1 (right) 15 days after pollination. All X 20, 

from 10- to 13 “day samples are slightly smaller than tliose untreated, 
probably because of a slightly lower growing temperature brought 
about by evaporation of water from the treated spikes. The embryos 
in the untreated spikes apparently begin to lose moisture about 11 
days after pollination, since the abscutellar surfaces of the embryos 
are noticeably less convex and turgid than those in the treated sam- 
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pies. As it is not certain that any of the figures show the exactly 
median section, the apparent internal differences are of little signifi- 
cance. The dimensions of the embryo outlines (fig. 2), however, cor- 
respond rather closely to the average size of embryos in approximately 
five kernels in each sample. These dimensions, as plotted in figure 3, 
are the total length of the embryo and the length of the growing axis. 
The latter is the distance between the extreme distal extension of 
any part of the plumule and the end of the coleorhiza, not including 
seminal roots. The total length of the normal, untreated embryo 
exceeds that of the treated from the eighth to the fifteenth day. The 



Figure 3. — Curves showing growth in fength of embryo and of growing axis in 
untreated barley kernels and in those: treated to produce vivipary. 
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curve of growth, of the untreated embryo begins to be inflected on 
about the thirteenth day and flattens off sharply at 15 days. On the 
other handj the growth of the treated embryo is "rapid and coiitiimoiis 
as shown by the uiiiforiii and steep slope of the growth curve. Simi- 
larly, the growing axis of the untreated check is longer than that of 
the treated eiiibr^^o from the ninth' to the thirteenth day; on the 
thirteenth day inflection begins in the untreated check and becomes 
complete on the fifteenth day after pollination. The treated embryo 
shows a very steady and rapid growth from the ninth to the seven- 
teenth day, when the last samples were taken. The length of the 
growing axis overtakes that of the embryo on the sixteenth day. It 
is clearly evident from these curves that there is no dormant period 
ill the development of embryos that have been successfully supplied 
with water. This conforms to the statement of Eyster (5, 2^. 576): 

So far as observations have been made, viviparous maize plants have a continuous 
development from the fertilized egg to the mature plant so that dormancy and 
germination are not involved. 

The semiiia] roots in each kernel of both untreated and treated 
samples were counted ^‘in the section’’ and averaged for the sample 
(fig. 4). The average number of seminal roots for this variety (Man- 



PERIOD AFTER POLLINATION (DAYS) 

FiGiJiiE 4.-~-€omparison of number of seminal roots in untreated embryos of 
barley and in those treated to produce vivipary. 

churia) is 6.8 (15). Since the number of individuals examined in each 
sample rarely exceeded 5, no significant difference in root number is 
shown between normally growing and viviparous embryos. If the 
number of seminal roots is used as a criterion, embryo development 
niay be considered at its maximum for the normal seed at 15 days 
after pollination. The normal embryo bears 5 to ll seminal roots 
and root pnmordia, depending upon the variety (JS): 
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It is interesting to note that an immature ovule after being har- 
vested and dried will germinate immediately without either growing 
larger or becoming more fully differentiated. As shown previously 
(15) j the seed may be considered viable whenever three seminal roots 
are demonstrable. From figure 2 it is seen that roots and plumule 
do not emerge from the treated embryo until it has reached the maxi- 
mum development of the untreated embryo, namely, at 15 days after 
pollination at 20° C. The failure of the treated ovule to grow into a 
seedling at an earlier stage, as does the embryo of a seed harvested 
when immature, may possibly be explained by the presence, in the 
treated ovule, of the ^hmbryo factor” suggested by Kent and Brink {8). 

The normal-sized viviparous embryo extends its plumule and sem- 
inal roots until the nutrients available in the kernel are exhausted. 
Further growth can be induced by supplying a nutrient solution to 
the^ absorbent cotton wrapped around the treated spike. One such 
viviparous seedling continued to grow until the cuhn had attained an 
over-all length of more than 50 cm., when the invasion of the cotton 
by micro-organisms precluded further growth. 

Normally, water is supplied to the growing kernel from the fibro- 
vascular system of the culm by a branch bundle passing tlnough the 
pedicel of the kernel. At the level of the base of the embryo 8 days 
after pollination the fibrovascular bundle of the pedicel supplying the 
floret contains about 250 vessels, each having a diameter of 5 m to 10 m 
( fig. 1 , E, a ) . At the higher level where the mature kernel is attached, 
the number of vessels in the bundle is much less, because many have 
diverged into the bundles of the glumes, lemma, and palet of the floret 
On entering the kernel, the bundle divides to form the 2 lateral, the 
dorsal, and the ventral, or furrow, bundles (7). The furtow bundle is 
by far the largest of the 4, and about 25 vessels are distinguishable in 
it in transverse sections at the level of the upper end of the embryo 
of the 8-day kernel (fig. 1, h). Proceeding distally in the kernel, 

the vessels decrease in number until the last terminates at about nine- 
tenths of the distance to the distal end of the embryo sac. The num- 
ber of vessels in the ovule appears to remain constant after about 
8 days’ growth. Since there are no vessels passing directly to the 
embryo, all water and dissolved nutrients must reach the embryo 
through adjacent tissue, wliich in turn is supplied with materials 
carried in the vascular system. The young embryo, then, is at the 
most favorable location for obtaining its supply of water and nutrients. 
It grows rapidly and at the end of 15 days has reached its maximum 
size and differentiation, and, in the normally growing ovule, without 
extending the plumule or radicle. The endosperm continues to grow 
thereafter and about one-third of the mature air-dry weight of the 
seed is added after the fifteenth day after pollination. 

Although in the present study vivipary was produced readily when 
water was supplied to the exposed embryo area, naturally occurring 
vivipary is apparently rare. In 1909 or 1910 A. G. Johnson, of the 
Bureau of Plant Industry, Soils, and Agricultural Engineering, ex- 
amined a sample from a meadow of green, standing timothy in south- 
ern Indiana, the ovules in which had produced seedlings in the spike 
after a protracted wet spell. J. H. Martin, of the same Bureau, has 
told the writer that this is a common occurrence in sorghums in the 
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southern Great Plains. Unlike the small, freely borne and easily 
dried“Oiit spike of barley, or the maize ear adequately protected from 
external moisture by the husks, the dense sorghum head is exposed to 
drenching by rain and in protracted wet, humid periods the embryos 
may be supplied with enough moisture from the atmosphere to con- 
tinue growth into seedlings." On the other hand, citations of the fre- 
quently observed sprouting of grain in the shock’ ^ are not germane. 
These are merely instances of the germination of seeds that usually 
have matured on the stalk and dried down still further after harvest 
before absorbing enough rain water to produce germination. 

Manifestly the lack only of water causes the embryo to go into the 
resting stage, since the only requirement for growth that was 
lacking in the untreated embryo, but available to the viviparous 
embryo, was distilled water. This is true not only for the spring-type 
variety Manchuria but also for three winter sorts that had proved to 
be extremely dormant when mature {16\. If water is prevented from 
reaching the embryo at any stage after it has produced three seminal 
roots, a seed rather than a viviparous seedling is produced. In normal 
development the percentage of moisture in both embryo and endo- 
sperm decreases, slowly at first and then more rapidly, and the 
mature seed is the result. 

In describing the progress of starch deposition in the barley kernel, 
Johannsen (7) stated that in two-rowed barley starch grains first ap- 
pear within the endosperm cells when the kernel is 6 to 7 mm. 
long (about the stage when treatment to induce vivipary was given 
in the present study). He reported that starch first appears in the 
oldest endosperm cells, that is, those within the flanks of the upper 
part of the kernel but below the tip and that the younger peripheral 
region fills later. He believed that the endosperm cells can divide 
only until starch begins to be deposited in them. 

In figures 5 and 6 are shown near-median sagittal sections of Man- 
churia barley kernels growing normally at 21°+ C. from the second 
to the fifteenth day after pollination. Development in them has 
progressed slightly further than in those of the same age grown at a 
constant temperature of 20° (fig. 1). lodine-potassium-iodide solu- 
tion stains mature starch grains deeply and younger grains less so 
or not at all. Very young, unstained starch granules may often be 
detected in the cells at higher magnifications. 

Starch is clearly seen in the ovary wall at the distal end of the ovule 
on the second day after pollination (fig. 5, +). At higher magnifica- 
tions starch grains progressively; decreasing in size and age downward 
on the furrow (ventral) side, with a few very young grains scattered 
through the cells of the dorsal wall, were visible. By the third day 
(fig. 5, B), stainable grains appeared along the entire length of the 
furrow in the tissue surrounding the fibrovascular bundle and smaller, 
lightly staining grains were evident in the dorsal wall. On the fourth 
day (fig. 5, G), the dorsal wall had still more and larger starch grains 
and the furrow region had an abundance of starch. Up to the fourth 
day starch is apparent in maternal tissue only. The first appearance 
of starch in zygotic tissue occurred on the fifth day after pollination 
(fig. 5, Z>), wmen very small grains had appeared in the distal end of 
the endosperm mass, which by that time entirely filled the cavity of 
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tlie embryo sac. From that time on, endosperm starch increased 
rapidly in amount and density. On the sixth day (fig. 5, E) there 
were a few small grains in the basal third of the embryo. Starch 
was more abundant in the embryo on the seventh day (fig. 5, F) but 
was stUl confined to the lowest third; but by” the eighth day it had 
appeared in the coleoptile and in the upper tip of the scutelfiim (fig. 
5, G). In later stages (figs. 5, J?, and 6), the ground tissue of the 
embryo was well supplied with stored starch, ideally located for ready 
utilization during germination. The formation of dense starch in the 
endosperm had not yet progressed downward to the level of the 
embryo until the eighth day (fig. 5, G), but by the ninth day (fig. 
5, H) it had packed the cells to almost the proximal tip of the endo- 
sperm mass. The natural position of the embryo with the scutellum 
rather closely applied to the endosperm (fig. 6 , F) was accidentally 
shifted in this and several other sections (fig. 6 , A, C~E) durhig the 
killing, fixing, embedding, and sectioning of the kernel. In these near- 
median sections, the endosperm next to the embryo is thinner than it is 
in either flank, chiefly because of the keeled surface of the scutellum. 

As has been stated, the endosperm cells had completely filled the 
cavity of the embryo sac and 5 days after pollination they were 
actively growing and multiplying. Two days later, when the treat- 
ment to induce vivipary was given, the moisture content of the ovule 
was approximately 80 percent {6) and the ovule had an oven-dry 
weight of about 2 mg. As shown in figures 5 and 6, the 8 days between 
treatment and appearance of vivipary is a period of extremely rapid 
growth and deposition of starch in the endosperm. This starch 
deposit is the main cause of increase in lateral and dorsiventral diam- 
eter and of decrease in moisture content up to the end of kernel 
growth. Fifteen days after pollination, vrhen vivipary is evident in 
treated spikes, the dry weight of normally growing untreated ovules 
had increased to about 23 mg. while the water content had dropped to 
only about 60 percent. The air-dry weight of mature greenhouse 
seeds of Manchuria barley at 12 to 13 percent moisture is about 38 
mg. per keimel. If a moisture content of 12 percent is assumed, the 
dry weight would be 33+ mg. 

During early development the zygote lies in a lake of cell sap, which 
supplies it unstintedly with water and nutrients. The formation of 
endosperm cells under the scutellum tends to impede tbe passage of 
nutrients by osmosis from the furrow bundle, but enough still gets 
through to permit maximum growth of the ovule until inflection of 
the embryo growth curve on the thirteenth day after pollination. 
As kernel development progressed, the deposit of starch pushed the 
absorbing scutellum farther and farther away from the source of 
nutrient supply in the vascular bundle of the furrow. Only its lower 
end remained approximately in its former position . At the beginning 
of inflection of embryo growth on the thirteenth day (figs. 3 and 6, 


A to F. BncQesfdye daily near-median sagittal sections of untreated barley 
kernels showing position and extent of starch deposit from the tenth to the 
fifteenth fday after pollination (stained with iodine-potassium-iodide solution). 

"x;i3. ■ ■ 
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Z?)j only tills lower tip and the lower end of the ventral side of the 
embryo were readily accessible to the furrow, and these were being 
dehydrated. The furrow region was the last to remain green, and 
starch continued to be laid dowm in the young endosperm cells ^dja- 
cent to it until desiccation of the kernel stopped all growth. This 
increasing interposition of gradually dehydrating starch-filled eiido-- 
sperm cells between the scutelliim of the embryo and the source of 
supply of water and nutrients in the furrow bundle appears to be a 
sufficient cause for the inflection of the growth curve of the untreated 
enibiyo on the tliirteeiitli day after pollination (fig. 3). 

DISCUSSION 

According to Gray (d, p. 882) a seed is “the ripened ovule, consisting 
of the embryo and its proper coats.” Gager (4, 4^^) that 

with few exceptions “the distinctive features of a seed is a resting 
embryo.^^ The stage of maturity at which drying down may occur 
without sacrificing viability may vary considerably. Baiiey kernels 
taken from the spike as early as 9 or 10 days after pollination will, on 
drying, become “seeds” that are able to germinate and produce plants 
that later develop mature seed. Sections of embryos of these very 
young seeds show a very short plumule with the beginnings of about 
3 leaves and the rudiments of 3 seminal roots {15). On the other 
hand, under good growing conditions embryos of barley ovules left 
to mature on the plant will attain a much greater size, with well- 
developed plumules and the normal complement of seminal roots, 
which may total as many as 10 or 11 in individual seeds of certain 
varieties.’^ Kecently Kent and Brink (5), in growing excised im- 
mature barley embryos on sterile media, found that, while such 
embryos normally germinate within 2 or 3 days and become very 
small, spindling seedlings, the addition of certain substances, such 
as water extracts of dates and bananas, milk, and tomato juice, will 
delay germination and allow the embryos to grow and develop as 
embryos until they reach or surpass the size of embryos matured on 
the plant. Such an “embryo factor,” present in normally growing 
barley kernels but absent in excised immature kernels, shouid account 
for the absence of further pregerminatioii development in the embryos 
of immature barley seeds. 

The embryo of the untreated normally maturing seed loses water. 
The insufficient water supply precludes starch digestion and nutrient 
transfer, and the embryo goes into the resting condition. A resting 
stage may be forced upon an immature embryo by drying, or the s(hhI 
may attain “maturity'' through natural desiccation. On the other 
hand, if water is supplied constantly to the developing embryo, the 
embryo not only attains the maximum size and development of that 
in the normally matured seed in about 14 days from pollination but 
it continues to grow thereafter and form the seedling, with no inflec- 
tion of the growth cmwe. In the viviparous seedling the conditions 
of youth are largely maintained; there are ample nutrients available 
in the endosperm adjacent to the scutellum, starch-digesting enzymes 

^ 111 1943 when barley seeds were germinated in petri dishes 1 seed of the variety 
Alpha produced 11 seminal roots and 1 of the variety Primus 10. 
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are present in the secretory layer' of the sciitellimi, and sufficient 
water reaches all parts of the embryo to provide for iiiiiiiterriipted 
growth. Such a seedling, if pricked off, is able to produce a plant that 
yields normal seed. 

In a viviparous seedling, the course of normal growth as occiirriiig 
in juvenile plants or plant parts obtains and growth proceeds upon 
the compound-interest principle. The cell walls are soft and per- 
meable, and there is no mechanical limitation to cell division. Suc- 
cessive increments are added to the ^^princixile’^ of reactive material, 
but, as has been noted (f I), growth rate is conditioned by nutritional 
opportunities. As strengthening, supporting, and nutrient materials 
are laid down in the growing entity, nutrition is impeded by desicca- 
tion, cell growth and division are retarded, and the grand period of 
growth suffers its inflection. Carried still further, these aging factors 
result in dormancy orTdeath. 

The conception of vivipary herein presented gets considerable sup- 
port from the findings of Eyster (8), who stressed the fact that vivipary 
is a fundamental ancl primitive character and cited its occurrence in all 
great divisions of the plant kingdom (3). He attributed the dormancy 
of the embryo of the mature seed to insufficient water supply and 
stated that if developing maize ears are kept under suitable conffitions 
of moisture the sporophytes appear tO|have a continuous growth from 
the fertilized egg to the new plant {!). Moreover, as in normal 
immature barley ovules, he found that viviparous kernels of maize 
that had been forced into dormancy by artificial diying germinated 
when they were exposed to suitable growth conditions (S). 

A large proportion of the viviparous kernels found in maize possess 
^ffieficient” endosperms. Eyster p, 250) stated: 

. . . practically all of the kernels with reduced endosperm have viviparous 

embryos due to the very close linkage between re 2 vp^. 

Naturally, a reduced or deficient endosperm would tend to make 
less effective the starch endosperm block to the passage of water from 
the fibrovascular system to the embryo. This would facilitate 
vivipary. 

Mangelsdorf (/O, p. 4.98)^ however, attributed the phenomenon of 
vivipary to the action of genes, citing “fifteen different genetic factors 
and nine distinct characters'^ involved in its inheritance. He said 
mprm: 

Dormancy of the seed during development is so general that it may almost be 
taken for granted. Yet we find that at least fifteen different genetic factors are 
involved in mamtaining dormancy and we can scarcely suppose that this is more 
than a sample of the total number. 

He f.9) used the stage of kernel development at which vivipary occurs 
as a basis for classifying his different types of the phenomenon. On 
the other hand, Eyster (S) found different stages of vivipary in the 
same ear of maize. Similarly, it was found in the present study that 
kernels on the same barley spike showed different stages mf root and 
plumule emergence. 

To the writer, Mangelsdorf s interpretation seems a greatly exag- 
gerated compiexification of a very simple phenomenon. Vivipary is 
the nalum? course, and probably there are many ways whereby the 
normal desiccation of the growing embryo may be prevented, any one 
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of wMcii will allow vivipaiy. It seems probable that the so-called 
Yivipary genes reported by Mangelsdorf {10) function by varying 
the structure of the kernel; this variation in turn may restrict the 
€|uantit.y of water available to the growing embryo. 

If; as*' Eyster (S) believed, the typical resting condition of seeds is 
an adaptation forced on the organism to insure survival, yivipary 
slioukl occasion no surprise. The phenomenon that dernands expla- 
nation is the dormancy of the mature seed. To the writer it seems 
clear that the maturation of the seed is brought about by structural 
fectors that inhibit growth of the embryo by gradually cutting off its 
supply of water. In barley, the most likely block to water passage 
consists of the starch-packed endosperm cells massed between the 
embryo and the fibrovascular bundles lying in the still chloropbyllous 
tissue of the furrow. 

SUMMARY AND CONCLUSIONS 

Viable resting embryos may be induced in barley by either drought 
or harvest at any time after their earliest viability stage when three 
seminal roots are present. Their development into seedlings is proof 
that such seeds have sufficient stored nutrients except water and 
oxygen. 

Under optimum natural growing conditions the embryo becomes 
dormant after reaching the maximum size and development that is 
possible under the conditions of gradual desiccation in the maturing 
seed. 

Wlien distilled water is supplied to the absent ellar surface of the 
growing embryo, growth is continuous and vivipary occurs. 

Ovules treated on the seventh day after pollination to induce vivip- 
ary developed similarly to normally groTOng ones in all observed 
features up to the thirteenth day, except that after the ninth day the 
embryo appeared to be more plump or turgid in the treated ovule than 
in the untreated one. Growth of the plumule was first visible in the 
viviparous ovule on the fourteenth day. Seminal roots had emerged 
and the plumule was actively growing on the fifteenth day after 
pollmation. 

There was no significant difference in the number of seminal roots 
on the viviparous and the normally matured embryos. 

In a normally growing ovule a resting stage is forced upon the 
growing embryo, while in the ovule treated to induce vivipary no such 
interruption to growth, or even lessened growth rate, occurs! 

In the normally growing ovule water adequate for vivipary is 
blocked off probably by the interposition of a dense layer of starch- 
bearing endosperm cells between the embryo and the fibrovascular 
bundle in the furrow. 

The thesis is submitted that vivipary, rather than itself being a 
genetic character, is merely the result of any condition, character, or 
seed deficiency that will allow the access of water to the embryo. 
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TIP BLIGHT OP GARDEN PEA ^ 

By W. W. Hare 

Assistant professor of agronomy and plant pathology, Wiscofisin Agricultural 

Experiment Station 

INTRODUCTION 

. In 1941, plants of garden pea {Pisum sativum L.) with dead tips 
were noted in a seed-treatment experiment near Madison, Wis. 
Plating of diseased tissue on agar yielded a species of Pythium wliich 
upon inoculation of potted plants in the gi-eenhouse produced similar 
symptoms. Correspondence with Dr. W. T. Schroeder, New York 
Agricultural Experiment Station, revealed that he had noticed the 
disease in the same locality in 1940 and had also isolated Pythium, 
although no controlled inoculations were made. The disease was 
seen in commercial fields of canning peas in 1942 and 1943. Damage 
was generally distributed, but slight, with the exception of one field 
in 1942 where 40 percent of the plants had killed tips. 

In 1946, in a nursery near Madison, an average of 6 percent of the 
plants and 10 to 15 percent of some lots had killed tips. This 
amounted to considerable damage since most of the lots were single- 
plant progenies planted for further selection. The disease was ob- 
served in several commercial fields during that season, one of which 
had 20 percent of the plants diseased in a 2-acre section of the field. 
Apparently the same species of Pythium was isolated in all cases from 
diseased plants and it was tentatively identified as Pythium ultimum 
Trow. Because of the unusual nature of the disease a more detailed 
investigation was made, a preliminary report of which was pubhshed 
in 1947 (4)." 

Pythium ultimum was described by Trow (13) in 1901 as a sapro- 
phyte. Since that time it has been reported many times as a parasite. 
Middleton in 1943 (8) listed 148 plants as hosts and noted that it was 
perhaps the most common member of the genus in the United States 
and that it was found frequently in other countries. It has been 
reported frequently in association with damping-off and with root 
rot of peas (1, 10, 11). No record has been found of this, or any other 
species of Pythium, occurring on the above-ground foliage of the pea 
plant independently of infection originating below the soil level. 

Middleton (7) in 1941 described a rot of roots, crowns, buds, and 
petioles of rhubarb incited hj Pythium anandmm Drechsler, P. o%aa- 
drum Drechsler, and P. ultiw,um. Middleton et al. (9), in 1942 de- 
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scribed a. stem, and lower-leaf rot of fibrous-rooted begonia incited by 
P. deharyanmn Hesse ^ P. splendens Braun j and P, ultimwm. P. 
ultirmini was tlie most pathogenic on rhubarb and the most frequent 
on begonia. In both cases rot of the aerial plant parts followed infec- 
tion of the lower parts.' Tompldns et ah (IB) in. 1939 found P. 
ultim/um iiicitiiig a soft rot of' the fruits of Zucchini and Mammoth 
Summer Crookneck pumpkin and of watermelon. Fruits of tomato, 
bean, eggplant, and field pumpkin became infected, when inoculated 
without wounding and several other types of fruit tested became 
infected when inoculated through wounds. 

Similar diseases of fruits, storage organs, and foliage parts (infected 
by progi’ession of the pathogen from tissue at the soil level or below) 
have been reported as incited by still other species of Pythium, 
Drechsler (^) in 1925 found cabbage heads rotted by a P. deharyanum 
type with the fungus spreading out from the fleshy core and leaf bases 
to the lamella. A similar rot w^as produced when inoculation was made 
with several other species of Pythmm; some species were not patho- 
genic. Harter and Zaumeyer {5) in 1931 reported a bean wilt, due to 
P, aphanidermatum (Edson) Fitz. (P. butleri Siibr.), which started 
at the ground line and progressed up the lower stem to the lower 
branches. Wound inoculation at the cotyledonary node resulted in 
infection. 

Elliott (3) in 1943 described a stalk rot of the lower nodes of corn 
incited by P. aphanidermatum (P. butleri) and reproduced the disease 
in the field and greenhouse. The crown and roots were not involved 
when the disease was encountered in nature and the roots were not 
infected when inoculated in the greenhouse. The activity of the fungus 
in the stalks ceased abruptly and demarcation of invaded tissues was 
strong. Wallace (I4) in 1944 reported a species of Pythmm or P%- 
tophthora which incited damping-off and foot rot of papaw in East 
Africa but stated that most infections occurred through leaf and fruit 
scars on the upper part of the plants, spreading to stems, leaves, and 
fruits. These two are the only reports found of independent infection 
of aerial parts of plants, other than fruits or storage organs, by species 
of Pythmm and in one of them the identity of the fungus is uncertain. 

EXPERIMENTAL RESULTS 

SYMPTOMS 

Infection takes place in the bud or the axil of a young leaf. In the 
field, affected tissues are at first water-soaked with a fading of the 
green color. This stage does not last long, for invaded tissues are 
killed very rapidly. As desiccation ensues the tissue shrivels and the 
color changes to straw color to black (fig. 1, A) depending on conditions 
during drying. The fungus advances downward from the tip, rarely 
killing more than thi^ee to five internodes. Girdling takes place from 
the leaf axil with collapse of that node and consequent killing of the 
tip above it (fig. 2). Occasionally, girdling is incomplete with the 
result that a part or all of the leaf is killed and the tip of the plant 
survives. In exceptional cases one or more leaflets may be partially 
or entirely Med as a result of local infection rather than from that 
originating in a bud or leaf axil, while sometimes the entire plant, 
particularly if it is quite young, may be killed. 




Figuee 1.— Pea plants from nursery near Madison, Wis., showing effects of tip 
blight dvLQ to Pytldum uUimum: A, Growing point and two nodes below it 
killed; later stage with lateral shoots started below blighted tip. 


Wlien a tip or leaf of a plant is killed, progress of tlie lesion halts 
abruptly and the line of demarcation at the junction of healthy and 
diseased tissue is sharp. The fungus is not visible niacroscopically 
on the exterior of diseased parts, but often a cottony web of mycelium 
containing fruiting bodies appears in the hollow oi the stems/^^ D 
eased plants have been found ranging in maturity from those jus 
emerged to those in blossom. However, in two adjacent lots differing 
in size, a greater percentage of infected plants is generally found in 
the shorter plants. 

As soon as the tip of a plant is killed new shoots are put out in the 
axils of lower leaves (fig. 1, B), If the plant is young, one shoot 
quickly gains ascendency over the others and the affected plant may 
be overlooked later in the season unless the later maturity is noted. 
On larger plants there is more competition among the new shoots. 
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Figure 2. — -Pea plant from nursery near Madison, Wis., infected in leaf axil by 
Pythium uUimum. Top is beginning to wilt and lateral shoots have started. 


All of them may grow foi’ some time and as many as five of the upper 
ones may continue to be about equal in vigor. 

Symptoms identical with those found in the field w^ere produced by 
suitable artificial inoculation of young potted plants in the green-' 
house (fig. 3, A). The water-soaked appearance of the tissues was 
evident within 48 hours and subsequent drying and discoloration 
wwe very rapid. When left on the greenhouse bench after the original 
treatment, the plants put forth new shoots from the axils of lower 
leaves. A type of symptom not seen in the field was produced in the 
greenhouse by spraying the entire plant with a suspension of mycelial 
fragments of the fungus. With 6 to 24 hours in a moist chamber, 
there were scattered over the leaves and stems many small water- 
soaked spots that dried to a very light brownish tint. If left in the 
moist chamber for 48 hours all plants were completely killed. In bud 
inoculations, when the tip escaped killing, one or more leaves or parts 
of leaves were frequently killed. 



Figxjre 3. — A, Delwiche Commando pea plants inoculated in the terminal bud 
with Pytkium ultimum and kept in moist chamber for 48 hours; note lateral 
shoots at bases of plants. B, Uninoculated. 


THE CAUSAL ORGANISM 

Isolations made from diseased plants when the disease was first 
noted in 1941 consistently yielded a fungus identified as a member of 
the genus Pythium. All isolations were from plants from the same 
plot. No effort was made to determine the species. In 1946, numer- 
ous isolations were made from diseased plants in the nursery at 
Madison and from material collected in two widely separated com- 
mercial plantings in Wisconsin. These consistently gave the same 
species and it was apparently similar to the one isolated in 1941, 
although no cultures made in 1941 were available for comparison. 
Collections from two commercial plantings in 1947 gave the same 
species upon isolation. 

One of the isolates made from a plant in the Madison nursery in 
1946 was selected as typical and a detailed examination was made. 
It was fast-growing, producing an abundance of white, cottony 
mycelium on potato-dextrose agar, and numerous oospores and 
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sporangia on the surface of the agar witMn 10 days to 2 weeks. It 

grew well on. Tariety of media witk variation between media ip. ^tiie 
amount of aerial iiiyceliiim and fruiting bodies produced. Fruiting^ 
botb sexual and asexiia.lj. was best wken a small block was c>iit from a 
vigorous culture o.ii potato-dextrose agar and placerl in distilled water. 
Germination of oospores was not observed. Germination of sporangia 
was by germ tubes only. 

Spore sizeSj sexual apparatuSj germination of the sporaiigia,^ and 
growth habits of the fungus all agreed with the description of Pythium 
nUimum Trow. (13) as given in Middleton^s monograph (S).^ 

PATHOGENICITY 

When a species of Pythium was isolated from diseased pea plants 
in 1941 young pea plants of the Wisconsin Perfection variety about 
5 inches tall were inoculated in the greenhouse by placing small agar 
blocks containing the fungus in the terminal buds of some plants and 
in the upper leaf axils of others. After inoculation^ the plants *were 
kept in a moist chamber for 48 hours. All of the tips of the plants 
were killed regardless of the point of inoculation, and symptoms were 
similar to those seen in the field. The fungus was reisolated from 
some of the diseased plants. An equal number of uninoculated plants 
remained healthy. 

Five isolates from material from the Madison nursery were used in 
preliminary inoculations in the greenhouse in 1946. There were no 
differences in type or degree of symptoms produced. Therefore, the 
isolate selected for detailed examination in the laboratory was used 
in all subsequent inoculations. Delwiche Commando and Wisconsin 
Perfection varieties of peas were used in the inoculation experiments. 
Since both varieties were very similar in their development and both 
were identical in reaction to the fungus, the variety has not been 
specified in reporting individual experiments. Except in temperature 
experiments, plants averaged 4 to 6 inches tall with four to seven 
leaves each when inoculated. All plants were grown in sterilized 
quartz sand in 6-inch clay pots and were watered on alternate days 
with a balanced nutrient solution. 

Inoculation was tried first by placing agar blocks containing the 
fungus in buds of plants and in axils of young leaves. Considering 
only those left in the moist chamber for 48 hours, the tips were killed 
on each of 12 plants inoculated in the bud and on 15 of 16 inoculated 
in leaf axils. The fungus was recovered from all plants. Forty 
plants left uninoculated remained healthy. A second method of 
inoculation was to spray the entire plants with a suspension of 
mjcelial fragments prepared by growing the fungus for 6 days on 
100 cc. of a modification of Czapets solution ^ in 250 cc. Erlenmeyer 
flasks at 28° C. and macerating the mycelium 30 seconds in a Waring 
Blendor. Of those left in the moist chamber 48 hours 17 of 18 plants 
were collapsed and dead 2 days after removal. The eighteenth plant 

3 Appreciation is expressed to Dr. Jolm T. Middleton, Citrus Experiment 
Station, Riverside, Calif., who kindly checked the culture sent to him and con- 
firmed the identification. 

^ KNOs, 3 ‘gm.; KHoPO^, 1.0 gm.; MgSOi.THaO, 0,6 gm.; KCl, 0,5 gm.; FeSO^, 
trace; dextrose, 30 gm.; water, 1,000 ml. '■ 
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had two leaves alive at that time. No attempts were made to recover 
the fungus. None of the controls were diseased. A third means of 
inoculation was to place a drop of the suspension described above in 
the bud of the plant or in a selected leaf axil with a medicine dropper. 
In a representative experiment, of those left in the moist chamber 
for 48 hours, the tips were killed on 71 of 74 plants inoculated in the 
bud and on 29 of 66 plants inoculated in leaf axils. Twenty-three 
of the plants without the tip killed had part or all of the leaf killed 
at the node of inoculation. Isolations were made from 20 diseased 
plants of each type of inoculation and the fungus was recovered from 
each of them. Uninoculated plants in eight pots, averaging seven to 
nine plants per pot, kept in the moist chamber 48 hours, remained 
healthy. 

Of the inoculations described only the plants that were left in the 
moist chamber 48 hours are itemized. Successful inoculations were 
secured on many more plants in these particular series of inoculations 
and in other series not discussed, although few other attempts were 
made to reisolate the fungus. .Thus it was demonstrated that the 
fungus can incite the disease seen in the field. 

After the pathogen was identified as Pythium ultimum, a common 
sod organism frequently associated with damping-off of peas and other 
crops, it became of interest to exaihine its potentialities in damping- 
off of peas in the greenhouse when mixed with the soil in pm-e culture. 
Flats of unsterilized greenhouse compost soil were prepared and 300 
cc. of the mycelial-fragment suspension was thoroughly mixed in 
alternate flats. All flats were left at 24° C. for 7 days and the soil 
was kept moderately moist. Six rows of 20 seeds each of Delwiche 
Commando peas were planted in each flat and 1 inoculated and 1 
check flat were placed at each of several temperatures. The results 
at 28° C. 19 days after planting may be seen in figure 4. There were 
111 seedlings in the check flat or an average of 18.5 per row, an aver- 
age emergence of 92.5 percent healthy plants. There were nine 
seedlings in the inoculated flat not showing advanced stages of 
damping-off, or an average emergence of 7.5 percent healthy plants. 

Since the pathogen concerned was found to be an active damping-off 
agent of peas and there are other species of Pythium that act likewise, 
the question arose as to whether other species of the genus_ could cause 
the same type of above-^oimd disease. Another Pythium species, 
tentatively identified as P. debaryanum, was obtained from M. P. 
Backus, University of Wisconsin. It was compared with P. ultimum 
in a series of inoculations replicated twice at temperatures of 16°, 20°, 
24°, and 28° C. and periods in the moist chamber of 24, 48, and 72 
hours at each temperature. Inoculation of both was by drops of 
mycelial-fragment suspension, prepared as described above, in buds 
of the plants. The symptoms produced on the plants by P. dehary- 
anum were the same in type as thoseproduced by P. 'uZiim'Mm but were 
much less severe under all conditions tried. A typical response may 
be seen in figure 5, made 10 days after inoculation at 28° with 48 hours 
in the moist chamber. Here, where 100 percent of the plants had two 
to three nodes Mil&dhj P. ultimum, only 60 percent of the tips were 
killed by P. debaryanum and then only the uppermost one, or] rarely 




Figtjee 4, — ^Delwiche Commando peas 19 days after planting, 20 seeds per row, 
in greenhouse compost at 28° C.: A, Uninoculated; B, soil inoculated with 
Pythium uUimum, 


two, nodes. No attempt was made to increase the Yirulence of 
P. ■debaryamm by repeated passages through the host. 

EFFECT OP MOISTURE AND TEMPERATURE ON INFECTION 

were made by placing agar blocks in buds, per- 
centage of infection and ^verity of the disease were increased by 
putting the plants in a moist chamber. However, over 50 percent of 
the tips of plants treated in this manner were killed with no exposure 
in the moist chamber. No infection resulted when agar blocks were 
placed in leaf axils unless the plants were left in the moist chamber at 
least 6 hours. When plants were sprayed with the mycelial-fragment 
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Figure 5. — Delwiche Commando peas grown in sterilize^d quartz sand at 28° C. : 
yl, Uninoculated; B, inoculated in terminal bud with Pythium debaryanum; 
C, inoculated in terminal bud with Ptjthium ultimum. Plants placed in moist 
chamber for 48 hours after inoculation. 

suspensioiij small spots or edges of the leaf tissue were killed with no 
moist-chamber treatment. These methods were not considered 
representative of what might be expected to happen in the field. 

The inoculation treatment in which drops of mycelial-fragment 
suspension were placed in buds or leaf axils probably most nearly ap- 
proached infection under field conditions. When this method was 
used, a period of 24 to 48 hours in the moist chamber was necessary 
for infection to take place. At higher temperatures (24® and 28® C.) 
the time required was shorter, as shown in table L Usually most of 
the tips were killed at these temperatures with an exposure of 24 houi's, 
whereas at 16® it took over 72 hours in the moist chamber after inocu- 
lation to approach this level of disease. In all cases the percentage 
of infection was higher and the disease was more severe when the drops 
were placed in the bud. 


Table 1. — Effect of length and temperature of the inoculation period on tip blight 
following inoculation in the bud with Pythium ultimum 


Hours in moist eliamber 

PercentBge of plants with tips killed at— 

16 ° C, 

20° C. 

24“ C. 

, 28° C. 

24..... - 

0 

11.6 

93, 3 i 

100.0 

48 

6. 2 

80. 8 i 

100. 0 i 

100.0 

72.. . .. ' ■ 

77. 0 

93.3 

100. 0 ! 

100,0 







It was noted in the field and in the greenhouse that the progress 
of the fungus stopped as soon as the plants were in relatively drjr air. 
Apparently only that tissue invaded when a high relative humidity 
prevailed was involved. Plants staked in the field after the initial 
observation rarely showed any extension of lesions and those left on 
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the greenhouse bench after tips were killed remained healthy below 
the original lesion. Six pots of such plants, averaging eight plants 
per pot, were replaced in the moist chamber 3 weeks after inoculation. 
They were removed at 2-day intervals. There was some further 
yelling of stems and leaves of 80 to 90 percent of the plants removed 
after 2 days and 100 percent killing of the entire plant of those left 
6 days. 

Temperat-ure had a marked effect on infection and development of 
the disease. Experiments were conducted in constant-temperature 
houses held at 16°, 20°, 24°, and 28° C. Moist chambers in which 
plants were placed after inoculation were in each of the houses. 
There was a reduction in temperatoe in the moist chambers due to 
the cooling effect of evaporation, temperatures there being about 
13°, 17°, 21°, and 25°, respectively. Since the effect of the reduction 
in temperature dming the inoculation period compared to that of the 
post-inoculation period was not determined, results are given on the 
basis of the temperatures of the latter period. 

In all cases there was an increase in percentage of infection or 
severity of disease or in both from 16° to 24° C., with veiy little or 
no differences between 24° and 28°. The effects of temperature and 
length of time in the moist chamber were interrelated, for with a 
longer time in the moist chamber the percentage of infected plants 
at the lower temperatures increased. However, if plants at all 
temperatures were left long enough for infection to approach 100 
percent at 16°, the disease involved more nodes as the temperature 
increased. 

To determine the effect of pretreatment temperature on the reac- 
tion of the plants to the disease, plants grown at 16°, 20°, 24°, and 28° C. 
were distributed at each of the four temperatures immediately prior 
to inoculation. The plants were 18 days old and varied in size from 
2 inches h%h with four nodes at 16° to 6 inches high with seven nodes 
at 28°. There were 5 pots with 8 to 10 plants each in each treatment. 
Two were left as checks and three were inoculated. Inoculations 
were made by placing a drop of mycelial-fragment suspension in the 
bud of each plant and the plants were left in the moist chambers 68 
hours. Ten days after inoculation plants were rated in four classes 
as follows: (1) Tips dead; (2) one or more leaves completely killed; 
f3) no leaf entirely killed but lesions on leaflets or petioles; (4) healthy. 
A disease index was calculated for the plants in each pot ® and the 
indices for the three pots in each treatment averaged. The results 
may be seen in table 2. The influence of temperature after inocula- 
tion was h%hly significant and there was a definite increase in disease 
index from 16° to 24°. The lei^th of time in the moist chamber 
may have obscured some of the differences at the higher temperatures. 
The influence of preinocxilation temperature was significant at the 
5-i>ercent level with a higher disease index at 20° than at 16° and 24°. 
It is doubtful if this relationship would be consistent in further trials. 

' Number of plants in classes 1, 2, 3, and 4 multiplied by 3, 2, 1, and 0, respec- 
tively^ total divided by^three times the total number of plants, and result multiplied 
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Table 2,— Effect of temferature before and after inoculation on pea plants imculated 
tn the hud loith a drop of mycelial-fragment suspension of Pythium uUimum 


[Averages of disease mdiees from 3 pots of 8 to 10 plants each in each treatment] 


Preiuocnlation temperature C.) 

Disc*ase index at temperature after 
inoculation indicated 

. 

Average s 

a 

o 

p 

20° C. 

24° G. 

28° C. 



51.1 

88.0 

95,5 

'96.3 

82.7 

2U - 

Gl.l 

94.4 

100.0 

97.8 

88.4 

24 

48.6 

86.2 

93.0 

90.0 

79.5 

28 

48.7 

94.3 

98.0 

97.8 

84.7 

Average 2 

52.4 

90.7 

96.6 

95.5 






1 Differences significant. 

^ Differences highly significant. 

MSD at 5“percont level: 5.4. 


Seeds were planted in inoculated and uninoculated soil in flats. 
After planting, one flat of eacli was placed at 20®, 24®, and 28® C. 
Stand counts were made 26 days after planting and the stand in each 
of the six rows of each flat averaged. The results are shown in table 
3. The percentage reduction in stand rose from 52.9 at 16® to 91.9 
at 28®. 

Table 3. — Effect of temperature on stand of peas in uninoculated greenhouse corn'- 
post in flats and in the same soil inoculated with Pythium ultimum 


[A verage stand per row from 20 seeds In each of 6 rows per fiatj 


Treatment 

Stand at temperature indicated 

Average 

16° C. 

20° e. 

24° C. 

28° C. 

Uninoculated — 

15.3 

18.3 

15.6 

18. 5 

16. 9 

Inoculated 

7.2 

5.5 

3,5 

1.5 

4.4 

Percent stand reduction..^-- — 

52.9 

70.0 

77.6 

91.9 

74.0 


Petri dishes containing 20 cc. of potato-dextrose agar were in- 
oculated with small blocks of agar cut from the edge of a rapidly- 
growing culture oi Pythinim uUimum. Four plates each were placed 
at constant temperatures ranging from 4® to 36® C. at 4® intervals. 
After 24 hours diameters of the colonies were measured at right 
angles. This experiment was repeated 3 times, and the ayerage 
diameter of the coloiues in the 12 plates at each temperature are 
shown in figure 6. The average disease index after inoculation and 
percentage reduction in stand are presented for comparison. Best 
growth of the fungus in culture was at 28® with a slight reduction at 
32® and 24®. The stand-reduction curve parallels the growth of the 
fungus in culture. The disease index differs in that there is a sharper 
rise from 16® to 20®, less from 20® to 24®, and no differences between 
24® and 28®, jHowever, the trend is the same with greater pathogenic 
activity of the fungus at temperatures near the optimum for its growth. 
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TEMPERATURE C.) 


Figijee 6.— Effect of temperature on diameter of colony of Pythium ultimum on 
potato-dextrose agar after 24 hours, on reduction of stand of peas in inoculated 
soilj and on disease index of bud-inoculated plants. 

DISCUSSION 

The effects of temperature on the foliage disease and on the damping- 
off phase in the range of temperatures tried indicate that increased 
severity at 24^ to 28® is due principally to the effect of temperatirre 
on the iiingus. There was a significant effect at the 5-percent level 
of preinoculation temperatures of the plants. The differences were 
small and the work would have to be repeated several times for the 
results to be accepted as conclusive. 

In the field, the disease has been seen only after prolonged periods 
of cloudy and wet weather with at least one heavy rain in the period. 
Plants infected have ranged in maturity from those just emerged to 
those just beginning to blossom, but none have been seen infected 
after the blossom stage. This agrees with conditions for infection as 
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determined in the greenhouse. At average temperatures that, would 
be expected during the early part of the season (16® to 20® C.) at 
least 48 Imurs of high humidity would be necessary for infection. 

There is the question of how the inoculum gains access to the buds 
and leaf axils of the plant in the field. The fungus is common in the 
soil and has been reported frequently as an agent in damping-off of 
peas (f, 10). No fruiting bodies of any kind have been found on 
external parts of lesions; thus spread from plant to plant probably is 
negligible. Possibly sporangia or oospores are splashed from the soil 
surface and those lodging in water drops on the plants originate the 
disease if suitable moisture conditions prevail long enough. Since 
pea foliage is waxy, collection of water drops would be expected more 
frequently in buds or leaf axils. McLaughlin (d) isolated Pythium 
(species imdetermined) from the soil surface in all seasons of the year 
with a higher percentage of total isolations belonging to Pythium in 
cooler months. The lowest percentage was under conditions of high 
temperature and low moisture. 

Damage to the crop consists in delaying the maturity of affected 
plants beyond that of the surrounding ones. The entire plant is rarely 
killed. The pods produced on delayed branches are usually too late 
to be of any value when the crop is harvested for canning. Although 
local damage has been severe in some cases, widespread losses have 
not occurred since the disease has been under observation. Because 
of the conditions necessary for disease development and the fact that 
the fungus has undoubtedly been present for a long time without 
causing great damage, it is not expected that the disease will become 
a serious factor in production of the canning crop. 

In the nursery in 1946 there were present a large number of breeding 
strains and varieties representing a wude range of types of canning 
peas. When the disease appeared the opportunity was taken to 
examine the various lots in detail for evidences of varietal differences 
in susceptibility. Infection was not entirely uniform, but the only 
differences that could be determined were that the disease was more 
prevalent in the lower and wetter parts of the nursery and on the 
shorter plants, regardless of variety. A second planting of one strain, 
just past emergence at the time of infection, had a much higher per- 
centage of infected plants than the older, and taller, planting. 

In the present investigation another species of Pythium has been 
shown capable of causing the same type of disease in the greenhouse 
as that caused by P. ultimum but with less severity. Probably other 
species could be found that would likewise be infectious under similar 
conditions. P. uUimwm is the only species that has been isolated from 
diseased material. According to Middleton (S), P: ultimum ■is the 
commonest species of Pythium^ and this may account in part for the 
fact that it was the only species isolated. 

SUMMARY 

A new disease of garden pea incited by Pythium is described. 

Infection occurs in the buds or in the axils of young leaves. Affected 
tissues collapse quickly and become straw-colored to black. Usually 
the upper three to five intemodes are killed and new branches are put 
■'out'below.': ' 
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Typical disease was produced in the greenhouse' by inoculating 
potted pea plants. . ^ ^ 

Higli huiiiidity was iiecessar}’ for infection. 

Another species of Pythimn was found able to cause the same type 
of disease but with less severity. 

Temperatures from 24° to 28° C. were most favorable for disease 
development. The optimum for damping-off of pea seedlings and 
growth in culture was 28° C, 
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THE ORIGIN OF BREEDS OF CHICKENS" 

By D. C, Warren, poultry f/enetieist, and Herscan Saiith, research assistant, 
Kansas Agricultural Eocperiment station 


INTRODUCTION 

In Edward Browids - monumental work entitled “Poultry Breeding 
and Production,'’ he quotes an article by W. B. Tegetmeier, which 
appeared in the Field of September 26, 1885. In this article, Teget- 
meier, who was an associate of Charles Darwin, questions Darwin’s 
theory that all breeds of poultry have their origin in the wild jungle 
fowl, Gall us gaUm {G. fttrmgmeus). Brown (p. 5) quotes Teget- 
ineier as follows ; 

But it is with regard to the Eastern Asiatic type of fowl . . . that my doubts 
as to the descent from the O. furrugineus are strongest. We laive in the Cochin 
a fowl so different from tiie ordinary domestic birds that when tirst introduced 
the most ridiculous legends were current 'respecting it. Putting these on one 
side, we have a bird with many structural peculiarities that eoiihl hardly have 
been induced by domestication. Thus, the long axis of the occipital foramen in 
the Cochin is perpendicular, in our old breeds horizontal, a difference that could 
never have been bred for, and which it is difficult to see could be correlative with 
any other change. The same may be said respecting the deep sulcus or groove' 
up the center of the frontal bone. The extraordinary diminution in the size of 
the flight feathers and that of the pectoral muscles could hardly have been the 
result of human selection and careful breeding, as the value of the birds as 
articles of food is considerably lessened by the absence of flesh on the breast. 
Nor is the extreme abundance of fluffy, soft body feathers a character likely to he 
desired in a fowl. The vastly increased size may have been a matter of selection, 
although, as the inhabitants of Shanghai feed their poultry but scantily, and, 
according to Mi*. Fortune, mainly on paddy or unhusked rice, it is not easy to see 
how the size of the breed was obtained if, as is generally surmised, it arose from 
the little jungle fowl. 

Taking all these facts into consideration, I am induced to believe that the birds 
of the Cochin type did not descend from the same species as our game fowl. It 
may be asked what I would suggest as to the origin of these Eastern Asiatic 
breeds. In reply I would suggest the possibility, or even probability, of their 
lieing descended from some easily captured and really domesticated short-winged 
species that may have entirely passed into a state of domestication. ... 

These statements, thoiigli frequently quoted, have remained unchal- 
lenged and unsupported by any critical evidence for a considerable 
period of years. The senior author of the present report started sev- 
eral years ago to make a collection of skulls of different breeds and 
varieties of poultry wdth the object of checking upon the statements of 
Tegetmeier regarding the structiu^al differences in the skulls. The 
focusing of attention in poultry breeding on relatively feAv breeds has 
resulted in some of the breeds in this collection becoming rare so that 
this series of skulls would be difficult to duplicate at the present time. 

^ Received for publication May 4, 1948. Gontribiition No. 175, Department of 
Poultry HusbaiKiry, Kansas Agricultural Experiment Station. 

^ Brown, B. poultry breeding and production. 2 v., illiis. London. 1929. 
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Tile collection contains a total of 245 sluills, representing 2'T breeds 
and Tarieties of eliickens. All skulls are from birds near or beyond 
the age of sexual iiiatority. Measurements were made of tlie vertical 
and liorizoiital axes of tlie foramen magnum (occipital foramen), and 
observations were made of tlie nature of the suture between the two 
froiitals. 

STRUCTURE OF THE FRONTALS 

From Tegetiiieier's statements it would appear that he liad observed 
tliat the Asiatic chickens had a much more prominent groove between 

Table 1. — Bnta on structure of frontal Jwnes and foramen magnum in 27 varieties 

of eliiclcens 


Variei.y’ 


American class: 

.] ersey Black G ian t - 

New Hampshire 

Singlo-Comb Rhode Island Red. 

Barred Plymouth Rock 

White Plymouth Rock... 

White Wyandotte 

Silver Laced Wyandotte 

Asiatic class: 

Light Brahma.. 

But! Cochin 

Black Cochin 

Partridge Cochin 

White Cochin- 


Se.v 


Condition of sulcus between Mean 
frontals ratio of 

I axes of 


the fora- 


Grooved 


Flat 


Ridged 


men 

magnum 


fMale 

\ Female 

do.. 

/Male 

1 Female 

/Male 

1 Female 

/Male 

1 Female 

/Male 

/Female 

/—.do.. 

/Unknown 


1 

2 

id 

2«) 

2 

3 


4 
1 
1 

5 


2 


3 


4 

i 

14 


1 


1 


1 


2 


3 

2 

3 



1. If) 
1. 11 
1. 15 
1. 15 
1. 15 
1. 21 


1. 18 

1. 15 

1. 16 

1.39 


1. 47 
1.15 
1. 15 


[Male - 1 

Female | 

[Unknown i 

Female— i 

/....do ....i 

/Unknown.....* 

Female 

.do 


1 

4 

1 

3 
1 
1 
1 

4 


2 


1..31 
1.12 
1, 15 
1. 06 
1.29 
1.09 
1.20 


English class: 

Australorp... 

Dark Cornish . .. . 

ButT Orpington... 

White Orpington. 
Arediterrunean Class: 


/Male 

/Female 

fMale 

Female—-. 

lUnknowTi 

I/Male.— -— 
/Female 

l/Female 


1 

7 

1 

3 

2 

1 

‘> 


1 


- - 








i 




1 


Ancona... 

Blue .^.iidalusian 

Single-Comb Browm Leghorn.,. 
Single-Comb Buff Leghorn.... 
Single-Comb White Leghorn.- . 
Single-Comb B.I.ack Minorca,.,.. 
■Single-Comb Buff Minorca. 


Single-Comb White MIno,rc:a- , 


M.iscel.Ianeous: 

.Breda... '..... 

■ Round Head game. 

Indian jungle fowL ~ 

Barred .Plymouth Eoek-Rhode Island' Red 
. crossbred. , 

White Leghom-Rhocle Lsland Red cross- 
■ bred. 


..do 

/Male.. 

l/Female 

..do..... 

/Male 

i Female 

/Male 

/Female 

/Male 

/Female—— 

!/Male 

/Female.-— 

(Male 

< Female 

IUnknown. 


Male- 

Female.. 

.--do... 

--do... 


-do- 


1. 35 
1.29 
1. 38 
1. 17 
1. 25 
1. 34 
1.34 
1.11 
.82 


1.17 
1, 30 
1.12 

1. 18 

1. 15 
1.19 
1. 22 

1.13 
1.22 

1. 16 
1. 32 

.96 

1.55 

1.15 

,:88 

1. 13 
1 32 
1. 10 
1. 13 

1.19 
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the froiital bones of the skull than that found in other breeds of his 
day. It should be kept in mind, however, that several of tlie piesent- 
day breeds of the American and English classes were not known at tlie 
time he made his statements. Among the skulls exainiiied in the 
present study were several of the Asiatic class, namely, the. Light 
Braliina and the Buff, Black, Partridge, and White Cochins, Table 
i gives a list of the breeds and varieties studied, together with the 
quotient of the horizoiital axis divided by the vertical axis of the 
foramen inagnunL Mean ratios exceeding 1 indicate situations in 
which the horizontal axis is the longer and mean ratios of less than 
1 indicate situations in which the vertical axis is the longer. 


Table 2. — Differences in classes of poultry in the structure of the frontal hones 

of the skull 




Percentage of frontals which are- 

- 

Breed groui) 

Number 
of skulls 

Ex- 

tremely 

grooved 

Moder- 

ately 

grooved 

Slightly 

grooved 

Flat 

Ridged 

American 

94 

3 

17 

40 

30 

3 

Asiatic 

18 

28 

39 

22 

11 

English. 

29 

5 

30 

55 

10 i 


Mediterranean 

82 

4 

11 

18 ^ 

46 

21 




Table 2 shows the differences between four breed groups in the 
structure of the frontal bones of the skull. The data in table 2 show 
that the frontal bones may have grooves of varying depths, may^ be 
completely flat in that area, or may show a conspicuous ridge. (See 
fig. 1.) Since the numbers in each class differed widely, the distribu- 



PiGcmE 1,— Three skulls showing a flat, a fleeply grooved, and a ridged suture 
between the paired frontal bones. 
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lion of the differeiit t^’pes of- frontals is expressed iii pei'ceiitage to 
facilitate coiiiparisoiis, although it is recognized that some ot the 
percentages are based on small .numbers. The Asiatic groups not o.iiJy 
showed a higher incidence of grooves between the frontals, but also 
possessed deeper grooves than the other groups. 

The Mediterranean class showed less grooving between the frontals 
and a iiiiich higher incidence of ridges- in the sanie area. Among the 
breed and eiglit varietal re present at i.ves of the Mediterranean 
class, the Siiigle-Comb White Legliorns and the Buff Miiiorcas showed 
the ridged frontals most conspicuously. A majority of tlie birds in 
the Mediterranean group failed to show any grooving of ^ the frontals, 
wliicli were either flat or ridged. The Asiatics had relatively few iin- 
grooved frontals and were without ridges. 

The re|>resentatives of the English class used in this study varied 
more in the direction of the Asiatics in lacking ridges and possessing 
grooved frontals. The grooving of the frontals of this group was less 
extreme than that of the Asiatics. The Dark Cornish had somewhat 
deeper grooves than tlie Aiistralorps and Orpingtons. 

The breeds and varieties of the American class were somewhat inter- 
mediate between the x^Lsiatics and Mediterraneans with respect to the 
iiicidence of grooves and ridges. Of the seven varieties represented, 
the White Wyandottes varied most in the direction of the Asiatics. 

Ill the miscellaneous group were females from the Fi generation of 
crosses between the Barred Plymouth Kocks and Single-Comb Rhode 
Island Reds and also between Single-Comb White Leghorns and 
Single-Comb Rhode Island Reds. The pure Barred Plymouth Rocks 
and Single-Comb Rhode Island Reds did not differ much with I'egard 
to the frontal sulcus, and the crossbreds were similar to the parents. 
The Single-Comb Rhode Island Reds and tlie Single-Comb White 
Leghorns differed considerably in respect to the structure of the 
frontals, the Reds having only flat or grooved frontals with a majority 
grooved, wdiile the Leghorns had more flat than grooved frontals and 
also some with ridges. The Fi generation females from this cross 
.show’^ed only flat or grooved frontals wdih a majority of the latter type. 
No ridges appeared on the crossbreds, but the distribution of flats and 
grooves w’ere more like tliat of the Leghorn, indicating dominance of 
the Leghorn type. 

Table 3 presents an analysis of the relation of sex to the structure of 
the frontals. The representation of the twm sexes was not equal, but 
the four classes of chickens had a fair number of each sex. In order to 
facilitate comparison, the distribution of the different types of frontals 


T Alim at ion of sex to skuUstr net lire 


- Breed' ,gro-up 

Number 
ot skulls 

Se-x 

Percentage of frontals which 
.are— 

Groo?ed 

' Flat"' . '1 

Ridged 

AmerieaD- __ 


Male 

"■ ' 64 
■59,, 

■ ' .'33 

100 

60 

100 

60 

100 

■"'■32" 

38 

.■„,.;67 

4 

"■■'.„■'■ ',3 

161— 
IB....— . 

Female..,. ... 

A, i 

Male.— 

BTiffli'sih , ' ■ 

\13-— _..! 

Female... 


15-.— —i 

Male. 

40-'| 


Mediterranean.-...,-.,. ' 

m -i 

Female ........ 



Male...... ——.—, 

', 40.i 


162..-...! 

Female—.. 


■■■' i 

■ ■■.I 
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is expressed in terms of percentage. In all except the breeds in the 
American class, the females were exclusively in the group with grooved 
froiitais. The males of all four classes had a considerable number 
with fiat iingrooved frontals. This sexual dimorphism may have had 
some influence on the results shown in table 2, but in all classes of 
chickens represented, tlie number of female skulls greath^ exceeded the 
males. 

STRUCTUEE OF THE FORAMEN MAGNUM 


The A^ertical and horizontal axes of the foramen magnum were 
measured in all birds. This foramen, by which the spinal cord enters 
the skull, is somewhat variable in shape and dimensions. Its location 
and shape are shown in the posterior view of the skull given in figure 
2. Owing to the sloping edges of 
the foramen, it is difficult to obtain 
exact measurements. In general, 
the practice was followed of taking 
the measurement at a point where 
it would give the maximum distance 
in the horizontal and vertical 
planes. The relative lengths of the 
axes were expressed b}^ quotients of 
the horizontal axis divided by the 
vertical axis. Tegetmeier stated 
that the Asiatic chicken had its long- 
axis in the vertical direction, and 
if expressed in the above-described 
manner, should have a value less 
than 1. Of the 245 individuals 
measured, only 9 had the longer axis of the foramen magnum in the 
vertical direction, and none of these was from the Asiatic class. A 
calculation of the mean ratios by classes shows the following results : 

Class Males Females 

American 1, 20 1. 19 

Asiatic 1,81 . 1.17 

English 1.80 1.27 

MediteiTanean 1. 28 1.16 



Figure 2. — Posterior view of a skull 
showing the foramen magmim. 


In the above calculations, individual ratios of less than 1 were elimi- 
nated, and these wei-e usually found in females. The foregoing data, 
together with the observation that ratios of less than 1 were usually 
those of females, would indicate that the foramen magnum in females 
is proportionally narrower than in males. Though the differences 
were slight, the mean female ratio in each class was less than that of 
the males. It also cannot be said that the Asiatics differed markedly 
f rom the other classes. Thus the results found here would not support 
the statement of Tegetmeier that the Asiatics, as a group, differ signifi- 
cantly from other classes with regard to the relative dimensions of the 
foramen magmim (occipital foramen). 


DISCUSSION 

The observations of Tegetmeier, which he considered as evidence of 
polyphyletic origin of the breeds of fowl, though interesting, prob- 
ably throw little light on the path of origin of the domesticated fow^l. 
Evolutionists have long since abandoned the idea that similarities of 
structure between domesticated and wild species are critical evidence 
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as to tlie line of descent. The fact that the wild Indian jungle fowl 
lias so many cliaracteristics in coinnion 'with some of our domesticated 
forms may indicate only that both have a relatively recent common 
ancestor. 

The recorded history of poultry breeding procedures during the past 
eentiiry, in. which most of our present-day breeds and varieties origi- 
nateel, indicates that there was little system or forethought involved. 
Any group of birds that appeared sufficieutly different from existing 
breeds or varieties to permit identification was admitted to the official 
list, regardless of its qualities. It is interesting that despite this fact 
the Mediterranean class of cliickens has such a distinctive set of traits, 
many of wdiich were not set up as breed and varietal specifications. 
Small body size was a requirement, but other traits such as nervous 
temperainent, large comb, white-shelled eggs, eaxdy feathering, and 
early sexual maturity were never prescribed characteristics of the 
breeds included in the Mediterranean class. It was earlier thought 
tliat there might be some physiological coiTelation of this group of 
traits found in the Mediterranean class ; but more recent breeding ac- 
complishments have demonstrated that at least early feathering, early 
maturity, and the white shell color may be combined with large body 
size. The observation here I’ecorded that some of the varieties of the 
Mediterranean group have distinctive skull structures further supports 
the earlier evidence that this group of chickens has a genetic constitu- 
tion wdiich may have been drawn from an isolated pool of germ plasm. 

It is not here contended that this evidence has any bearing on the 
early evolution of the domesticated chicken, but it may indicate some- 
thing regarding the derivation of the more recent types of fowl. It 
is known that the earlier members of the Mediterranean class had 
their origin in Italy, while the foundation stock for our present day 
Asiatic breeds had its origin in importations from China and India. 
The early types were known as Cochin Chinas, Chittagons, Shanghais, 
and Brahina-pootras. The existing representatives of the Ameiican 
and English classes are known to have come largely from the early 
Asiatic importations, and these two classes have no special significance 
except to indicate source of origin. The lack of many of the traits 
of the Mediterranean group might be taken to indicate'that there was 
not much infusion from this source into the constitution of the Ameri- 
can and English classes. This view is further supported by the fact 
that the white varieties of the larger breeds are due to a recessive gene 
while the white of the Leghorn is due to a dominant gene. 

The fact that the data in this paper do not support the statements 
of Tegetmeier does not necessarily mean that his observations were 
incorrect, since the stocks from the Asiatic gi'oup here examined were 
tlie results of approximately 60 years of selection beyond those avail- 
able to Tegetmeiei\ It is of interest to note that the Mediterranean 
and Asiatic classes showed rather widely differing structure of the 
frontal bones of the skull when such differences were not observable 
in the living bird and could not have been intentionally modified by 
selection. Furthermore, the American and English groups were in- 
termediate between the Asiatics and the Mediterraneans wntli regard 
to the structure of the frontal bones. The American and English 
classes are known to be of more recent origin than the MeditexTanean 
and Asiatic classes and probably had their origin in stocks of these 
earlier established bx'eeds. 
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SUMMARY 

From these studies it is evident that there are rather wide differences 
in the structure of the skull at the point of union of the two frontal 
bones of breeds and varieties of poultry. The suture between the two 
f rentals may be virtually smooth, sharply grooved, or ridged. There 
is also considerable variation in the depth of the grooi-e. The repre- 
sentatii-es of the Asiatic and Mediterranean classes here studied showed 
considerable difference in the range of variation. Of the five classi- 
fications, extremely grooved, moderately grooved, slightly grooved, 
flat, and ridged, the Mediterraneans showed all types but relatively 
little grooving of any degree. The Mediterraneans had considerable 
ridging of the skull. The Asiatic group possessed no ridge but were 
distinguished by a high incidence of grooves, some of which was 
extremely deep. Although there was considerable overlapping of 
types of the two groups, they do show distinctive ranges of types. The 
Mediterraneans have relatively larger combs, but this would hardly 
seem to be responsible for the structural diffei’ences in the skull. No 
observed differences in skull structure lend support to the contention 
that the Mediterranean group is basically different in its origin from 
other groups. This study did not reveal any obvious differences in 
the structure of the foramen magnum as reported by Tegetmeier. 




EFFECT OF INOCULATING A SOIL WITH AZOTOBACTER 
UPON PLANT GROWTH AND NITROGEN BALANCE ^ 

By P. L. Gainey 

Soil bacteriologist, Kansas Agricultural Experiment Station 
INTRODUCTION 

In 1923 a 20-year experiment was begun in an effort to gain informa- 
tion on the following points: (1) The factors that influence the 
longevity of Azotobacter when introduced into a soil from which it is 
normally absent; (2) the effect of introducing and maintaining an 
Azotobacter flora in such a soil upon the crop-producing ability and 
the nitrogen balance of the soil. 

The recent comprehensive survey of the literature on this subject 
by Allison^ eliminates the necessity of a review of previous work; 
those interested in the problem are referred to this excellent summary. 

METHODS 

A nearly level and apparently uniform area of Geary silt loam, about 
30 by 60 feet, lying at the summit of a gentle slope was selected for the 
experiment. The pH of the cultivated layer of this soil was in the 
vicinity of 5.8, and repeated tests for Azotobacter failed to reveal its 
presence. 

Thirty-two 20-gauge sheet-metal cylinders, 3 feet long with a cross- 
sectional area of 5 square feet, were placed on the area, 6 feet apart 
from center to center in 4 rows east-west find 8 rows north-south. 
Prior to installation the cylinders were coated with asphalt paint and 
numbered from south to north, beginning at the southeastern corner. 
The soil was removed from an area slightly larger than the cylinder 
in four 8-inch layers and the cylinders were sunk into the soil 32 inches. 
Then each layer of soil, after being thoroughly stirred, was replaced 
in its original position. 

Three months after installation the soil in the various cylinders re- 
ceived the following treatments, after which it was thoroughly spaded 
to a depth of 8 inches: 

Series Cylinders No. Treatment 

1 land 22___ glucose. 

2 2, 12, 18, and 28^„„_ inoculation with Azotobacter, 

3, 9, 19, and 25 lime. 

4_ „ _ , - _ - - _ - 4, 10, 20, and 26- - - _ lime and inoculation with Azotobacter, 

5.----- - 5,15, 21, and31-_-_ glucose, lime, and inoculation with Azoto- 

hacter. 

6 6, 16, 17, and 27 no treatment (controls). 

7 7, 13, 23, and 29_-„- straw, lime, and inoculation with 

8 - 8, 14, 24, and 30- ___ lime, inoculation with Azotobacter, and 

fallowed. 

9. 11 and 32 straw. 

lEeceived for publication July 6, 1948. Contribution No. 237, Department 
of Bacteriology, Kansas Agricultural Experiment Station. 

2 Allison, F. E. aizotobacteb inoculation of chops: i. historical. Soil 
Sci. 64: 413-429. 1947. 
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The straw (wiieat)j glucose' -(commercial), and lime (precipitated 
CaCOg) 'werc/'added at the rate of _ 2,000 pounds per acre. The 
inociiliiiii c„'Oiisisted of 100 gin. of a 'niixtiire of several soils known to 
be abiinda fitly supplied with Azotohaeter naturally and, in addition, 
heavily inoculated with a mixture of crude laboratory cultures of 
Azotohaeter obtai,iied from a number 'of soils. The sti^aw and glucose 
treatments were repeated annually following Jiarvest, at which time 
all stubble. and weeds were spaded into the soil. 

Tests for aYailable phosphorus, conducted on soil subsequent to 
treatment, indicated a possible deficiency. In 1925 and again in 
L 927 each cylinder received an application of superphosphate at the 
rate of 500 pounds per acre. In 1932 a second application of lime vms 
given all soils receiving an initial lime treatment. At the same time 
ail limed soils which received an initial inoculation with Azotohader 
were reinociilated. The effect of this inoculation is evident in cylinder 
6 (see table 1), which through error received the treatment in- 
tended for c^dinder No. 5. Because of this error the data for cylinder 
6 ary not inclucled in any calculations. 

All cylinders and the*^siirroiinding area were seeded annually to a 
grain crop. The young plants in the cylinders of series 8 were pulled 
and spaded into the soil. Winter wheat was planted during the first 
few years, but it was found that a more uniform stand of oats could be 
obtained, and thereafter, with the exception of the final crop, oats 
were planted. Millet was planted the last season in the hope that 
any variations in the available nitrogen content resulting from treat- 
ment might be more strikingly reflected in the growth of a heavier 
feeding crop. 

The erdp was harvested by cutting just above ground and air-dried, 
and if the formation of grain seemed to justify its separation, the 
weight of seed as well as total weight was recorded. In some years the 
crop was so nearly a complete failure or suffered such serious damage 
from insects or rodents before harvest that yields were regai^ded as 
unsatisfactory for comparison. In such cases the crop was spaded 
into the soil. The total weight of 16 crops was regarded as satis- 
factory for comparative purposes; of these the grain weights of 12 
were recorded separate^. 

On 15 occasions during the 20 years of the experiment the soil was 
sampled and tested for the presence of Azotohaeter, Tests of numerous 
samples gave assurance that the pH value remained approximately 
6.5 ill the limed soils. 

At the beginning and at the end of the experiment the soil of each 
cylinder was sampled in 8-inch sections for chemical analysis. The 
samples collected in 1923 were stored, and following complelion of the 
experiment all samples were analyzed for total nitrogen by the Gunning 
method. 

In cultivating the soil and in the collection of samples, those soils 
were handled first which, because of treatment or past observations, 
were regarded as being less likely to contain Azotohaeter, This w^as the 
only precaution taken to prevent the transfer of Azotohaeter from one 
cylinder to another. 
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During the first 10 years of the experimeftit, tests for,. Azoiohader 
were carried out by inoculating 50 ml. of a modified Ashby solution in 
a 300--mL Eiienmeyer flask with the equivalent of 5 gm. of soil, incu- 
bating cultures at 28^ C., and observing for the development of an 
Azotohader film. This method was satisfactory for cliff ereptiating 
between the presence and absence of Azotohader but gave little indi- 
cation as to the relative number present, beginning with 1933, the 
same medium solidified with washed agar was poured intp petri dishes 
and one-half gram of soil spread over the surface. The plates were 
incubated at 28^ C. and observed for the development of Azotohader 
colonies. The data recorded in table 2 for dates prior to 1933 are, 
therefore, not directly comparable with the data for later dates. 

RESULTS 

Data relative to the presence of Azotohader in the variously treated 
soils throughout the experiment are recorded in table 1. Attejition 
has been called to a difference in the method of testing for Azotobader 
during the first and last halves of the experimental period. This differ- 
ence somewhat complicates a comparison of the data; nevertheless 
certain facts are clearly indicated: 

(1) At no time did the uninoculated soil contain appreciable niini- 
bers of Azotobader. 

(2) When Azotobader alone was added to the soil it could be detected 
for a short period of time, after which it completely disappeared. 

(3) The application of phosphate and glucose or phosphate and wheat 
straw had no perceptible influence upon the longevity of introduced 
Azotohader. (4) The application of lime alone so altered the soil 
as to make it capable of supporting Azotobader when this organism 
was added (series 4) or accidentally gained entrance (compare cylin- 
ders 3 and 19 of series 3 with Nos. 9 and 25). Attentioh might be 

called to the relatively slow transfer of organisms from cylinder to 
cylinder; the soil in cylinders 3 and 19, for instance, had not become 
mfected with Azotohader after 20 years, (5) The addition of wheat 
straw or glucose, particularly the latter, along, with phosphorus and 
lime made the soil a more favorable habitat for Azotohader than did 
the lime alone. (6) The fallowed soil (series 8) served as a somewhat 
more favorable medium than a similarly treated cropped soil (series 
4), possibly because of a more favorable moisture content. 

Table 2 presents a summary of the data obtained relative to the 
influence of the various treatments upon the pBf of the soil, the yields, 
and the nitrogen balance. It should be pointed out in connection 
with these data that in both yields and changes in the nitrogen content 
of the soil, differences between the cylinders in a given treatment 
were in maii}^ instances greater than the differences between the 
means of different treatments; hence no great significance can bo 
attached to the recorded mean differences. 

These data reveal that the pH of soils receiving no lime was be- 
tween 5.6 and 5.9, and that all limed soils were maintained at a pH 
of approximately 6.5 throughout the experiment. Treatments other 
than liming resulted in no significant alteration in pH value. 
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Table 2. — Effect of various treatments upon the pHy Azotobacter contenty plant 
growth in and nitrogen balance of an Azotohacter-free Gary silt loam soil 


Series 

Cylinders 

Treatment 

pH 

Azotobacter 

Yield, dry 
weight 

Change in 
nitrogen 





content 

Total 

Grain 

pounds 

6 

16-17-27 

None 

5.8 

None 

Grams 

99 

Grams 

35.9 

Per acre 
-453 

2 

2-12-18-28.. _ 

Inoculated 

5.6 


107 

38.8 

i 1-88(208) 

3 

3-9-19-25.... 

Lime 

6.5 

Few toward end 

107 

39.9 

-176 

4 

4-10-20-26... 

Inoculated, lime 

6.6 

of experiment. 
Few 

105 

36.3 

1-557(403) 

1 

1-22.. 

Glucose 

5.8 

None 

101 

34.6 

-390 

5 

5-16-21-31... 

Inoculated, lime, glucose. . 

6.7 

Abundant . 

102 

34. 5 

-208 

9 

11-32 

Straw.. 

5.9 

None 

116 

40.2 

4-219 

7 

7-13-23-29... 

Inoculated, lime, straw 

6.6 

Some 

117 

42.4 

-flO 

8 

8-14-24-30... 

Inoculated, lime, fallow... 

6.5 

Many 



■+29 


1 The values in parentheses are the means of the series when a single cylinder that deviated widely from 
the others is omitted. 


The variability in plant growth from year to year and from cylinder 
to cylinder within the same treatment for any given year is apparent 
from the fact that the highest annual yield for any single cylinder 
occurred at least once and not more than four times for every treat- 
ment, including the control. Also, both the highest and lowest mean 
annual yields for any treatment occurred at least once in all but one 
treatment, and not more than four times for any single treatment. 
So variable were the yield data that when they were tested statistically 
the only treatment showing a significant increase over the control at 
the 5-percent level was the lime-straw-inoculated series. There is no 
evidence that this increase resulted from the inoculation, and probably 
should be attributed to nutrients, chiefly nitrogen, added in the straw 
durmg the 20-year period. 

A somewhat comparable variability in the nitrogen balance for the 
20-year period was also recorded. When these data were tested 
statistically the only treatment showing a significant loss at the 5- 
percent level was the control series. Despite the absence of statistically 
significant losses, the fact that the recorded data for the fallow and 
the two straw-treated series indicated no losses while the recorded 
data for all other treatments did indicate losses, seems highly sugges- 
tive. The fallow soil from which no crop was removed and on wmch 
erosion was prevented would not be expected to lose much nitrogen 
under the relatively low rainfall of this region, while the addition of 
the limited nitrogen in the straw would, in part, compensate for the 
nitrogen removed in the crop taken off such treated soils. 

Another approach to the influence of the various treatments upon 
the nitrogen balance can be made by comparing the mean recorded 
gain or loss in nitrogen of one treatment with that of another to^ de- 
termine whether the difference between the two is significant. Since 
there were eight treatments exclusive of the fallowed series, which for 
obvious reasons is not comparable to the others, 28 such comparisons 
are possible. 
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The 'data shown in table 2 suggested, that the differences between the 
iiieEii change in the nitrogen content- of 'treatments iiiyolving the ap- 
plication of straw (series 7 .and 9') and treatments not including straw 
(series 3, 4., 5, and 6) would more likely be significant. ^When a 
statistical study w^as :m.ade of each of the 16 possible comparisons be- 
tween 2 straw- treated series or between 2 treatments not including 
straWj in no instance was the difference between the mean p^ecorded 
changes in the nitrogen content of the soils found to be significant at 
the 5-perceiit level. On the other hand, a similar comp arisoii between 
straw-treated and iion-straw-treated soils revealed that the differences 
tv’ere significant at the 5-percent level in 9 of the 12 possible compari- 
sons, 3 of which were significant at the 1-percent level. 

Two of the three comparisons between the straw ys. noiistraw 
treatments in which differences were not statistically significant in- 
volved the seiies (2) receiving inoculation alone. This might be in- 
terpreted as iridicating an influence of the inoculum. However, the 
mere fact that the Azotohacter completely disappeared from the un- 
limed inoculated cylinders (series 2) in such a short period of time 
precludes the possibility of its exercising any influence upon the ni- 
trogen balance of the Soil over the 20-year period. It may be noted 
that the mean recorded loss of nitrogen from the inoculated series (2), 
was only 88 pounds, the low value being attributable to the change in 
one of the four cylinders deviating so markedly from that of the other 
three. If this cylinder were left out of consideration the mean loss 
would be 208 pounds. Similarly, the unusually high recorded loss of 
557 pounds for the inoculated-limed series (4), was attributable to a 
single cylinder, which if left out of consideration, would reduce the 
mean loss in this instance to 403 pounds. No explanation is available 
as to why these two cylindei-s were so far out of line with others simi- 
larly treated. Their omission from consideration would bring these 
two treatments more nearly into line with other somewhat similar 
treatments. 

In the preceding paragraph attention has been called to the virtual 
inip^ibility of the Azotohacter introduced into the soil of series 2 
haying any influence upon the nitrogen balance of the soil; thus this 
series might be regarded as a duplicate of the control series. This 
hemg true, the data recorded in table 2, relative to yields indicate that 
tiie uipplication of straw was the only treatment giving even a sug- 
gestion of any influence of treatment' upon yield. Actually the only 
Instance in which any single treatment gave a significant increase at 
the 5 'percent level over any other treatment was the inoculated- 
limed-straw series (7) over the control series (6). Again, this differ- 
ence, cannot be attributed to the presence of Azotohacter , since the 
application of straw alone (series 9) gave practically the same yield. 

SUMMARY 

The addition of superphosphate at the rate of 1,000 pounds per 
acre, or of the superphosphate and glucose or wheat straw at the rate 
of 2,000 pounds per acre annually, did not influence the longevity 
of Azotohacter introduced into a Geary silt loam, of pH value below 
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6.0, from wliicli it was absent. The addition of siiperpliosphate and 
lime adequate to maintain a pH level of 6.5 enabled introduced 
Azoiobacter to survive throtighout the 20 years of the experiment. 
The suitability of this soil after liming as a habitat for Azoiobacter 
was greatly enhanced by the annual application of a suitable carbo- 
liydrate food, i. e., glucose. No evidence was obtained that the main- 
tenance of Azoiobacter in this soil for a period of 20 years influenced 
either the crop grown thereon or the nitrogen balance of the soil. 
The annual application of 2,000 pounds of wheat straw per acre did 
apparently influence favorably both plant growth and the nitrogen 
balance of the soil, but this (^annot be attributed to the activity of 
Azotobacter, 




THE EFFECT OF SUN, SHADE, AND OVEN-DEYING ON 
THE TOXICOLOGICAL AND CHEMICAL VALUES OF 
DERRIS ROOT^ 

By Caleb Pagan, Richard H. Hageman, chemists, and Arnaud J. Loustalot, 
plant physiologist and assistant director. Federal. Easperiment Station, Office 
of Experiment Stations, United States Department of Agriculture, Afapaguez, 


INTRODUCTION 

Jones and Pagan {3) “ recently demonstrated that there was no loss 
of rotenone when fresh derris roots (split or whole) were dried either 
in the sun, in shade, or in the oven. However, Jones et al. (4) and 
others (6*, 7) have also sliown that the toxicological value (rotenone 
equivalent) of derris roots is not perfectly correlated with the rotenone 
content. The data from these papers indicate that substances otlier 
than rotenone contributed to the toxicity of the roots. The fact that 
there was no loss of rotenone when derris roots were dried under tlie 
above condition does not indicate that there may be no loss in toxicity. 
A quick simple method for biologically determining the toxicity of 
derris roots has been developed by Pagan (J). Guppies {Lehistes 
retictdatus are used as test animals in this method and the 

toxicity assays are made in a relatively short time. 

The guppy test lias provided a convenient method for measuring 
the effect of sun, sliade, and oven-drying on the toxicological value of 
derris roots. In this experiment various chemical measurements of 
toxicity including the red color value described by Jones (S), total 
chloroform extractives, and percent transmittance of acetone extracts 
suggested by Pagan and Loustalot {6, 7) were compared with the 
toxicological value (rotenone equivalent) of the roots dried in the 
sun, in the shade, and in the oven. 

MATERIALS AND METHODS 

The roots used in this experiment were from Derris elUptica (Wall.) 
Benth. variety Sarawak Creeping and were harvested from plants 
about 5 years old. Approximately 4,000 grams of washed fresh roots 
4 to 10 millimeters in diameter were cut into 2- to 2.5-centimeter pieces. 
After cutting, the entire lot Avas thoroughly mixed and duplicate 
300“gi’am samples Aveighed into tared containers and submitted to the 
following drying treatments until constant AA^eight was obtained : 
(1) Whole roots were dried immediately in an air oven at 80 C. for 
1 hour, then at 50*^ C. for 4 hours, after which the samples Avere placed 
in a desiccator for 4 hours and weighed, alternate drying in the oath 

^Received for pablication January 3, 1949. 
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and the dessicator being repeated -iintil' constant weighing was ob- 
taiiied; (2) whole roots were dried in the sun; (3) root pieces were split 
longitudinally and dried in the sun; (4) whole roots were dried^in the 
shade; and (5) split roots were dried in the shade. Samples of fresh 
root were taken at the outset and dried iinniediately at 105° to deter- 
niiiie the initial moisture content. 

When the roots in all treatments had reached constant weight sub- 
samples were taken and dried at 105° C. to determine the final moisture 
content. They were tlien ground in a Wiley mill to pass an 80-mesti 
sieve and the toxicological and chemical values of the powdered roots 
determined. The roteiione content was deterniiiied by the method 
of the Association of Official Agricultural Chemists (1) and the chloro- 
form extractives were determined from an aliquot of the chloroform 
extractives prepared for rotenone analysis. This aliquot was evapo- 
rated to dryness on a water bath and then in an oven at 105° C. for 
half-hour periods alternated with cooling in a desiccator over CaClg, 
until constant weight was attained. The red color (or rotenone plus 
rotenoids) value was determined by the modified red color test de- 
scribed by Jones (^). The transmittance value of the acetone extract 
of the roots was determined by the method described by Pagan and 
Loixstalot (6") 5 and the rotenone equivalent was determined *with 
guppies as described by Pagan (5) Five replications of each treat- 
ment were used in the biological assays and the results were analyzed 
statistically. 

RESULTS AND DISCUSSION 

The roots dried in the oven reached constant weight within 1 day. 
Four days were required to dry whole roots in the sun in contrast to 
6 days requii*ed for drying them in the shade. Sun-drying of split 
pieces was completed in 2 days, while 4 days were required to dry 
them in the shade. Weather conditions during the experimental period 
were more favorable for drying than in the previous experiment (^) , 
The data presented in table 1 show that there was no loss of dry matter 
in whole roots dried in the oven or in whole or split I'oots dried in 
the sum However, there was a small loss of dry matter in roots dried 
in the shade. This loss was somewhat greater in the whole roots which 
recpiired 2 days longer to dry than the split roots. The losses in dry 


Table 1 . — Effect of sun, shade, afid oven-drying on the toxicological and chemical 

values of derris roots 


Drying ireatmeiit 

Dry-matter losses 

Rotenone 

Toxico- 
logical 
■ value as 
rotenone 
equiva- 
1 lent J 

Red color 
value 

1 .■ '.V 

1 

Total 
chloro- 
form j 
extract j 

Trans- 
mittance 
values of 
acetone 
extract at 
3G0 

Whole roots, dried in oven,.....--.,- 

Percent 

None.,,,. 

Percent 

6.4 

6.3 

6.3 

6.3 

6.4 

Percent 

11.3 
13.5 
16.9 

16.4 
16.3 

; Percent 

14.6 

14.7 
14.9 
15.0 

i 14,9 

1 

Percent 

18.9 
18.5 ‘ 
18.8 , 
19-9 

19.9 

Percent 

34. 5 
34. 2 
33.6 
32.8 
33. 6 

Whole roots, dried in sun, 

,.._do 

Whole roots, dried in shade 

Split roots, dried in sun*., 

2.1 

None.. 

Split roots, dried in shade., 






3 The toxicological rotenone equivalent is the percentage of rotenone the root would need to contain in 
order to give the kill actually found. 

2 High values indicate low toxicity and vice versa. 
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matter are probably due to metabolic activity as suggested in the 
previous drying experiment (-5) . 

The -roteiione content of the roots was practically the same for all 
treatments. These results are in agreement with those reported by 
J ones and Pagan (.f ) . The results of the biological assays also shown 
in table 1 revealed that tlie derris roots dried in the sun or sliade, either 
split or whole, had a significantly higher toxicity expressed as rotenone 
equivalent tlian those oven-dried. Since the rotenone content of all 
samples was essentially the same, these data would indicate that some 
substance that adds to the toxicity of the root, other than rotenone, 
was lost or changed chemically during the period of oven-drying. 
Although the rotenone ecpa valent of whole roots dried in the sun was 
somewhat lower than that of split sun-dried roots or of whole and split 
roots dried in the shade, the difference was not statistically significant. 

The red-color values were not markedly different in the roots of the 
various treatments, although there was some tendency for these values 
to be higher when the rotenone equivalent was high. 

There was no statistically significant deviation in the total chloro- 
form extractives of the various treatments. It is of interest to note 
that the percentage total chloroform extractives is greater in the roots 
that were split irrespective of sun or shade drying than in those of the 
other treatments. This may be due to the fact that the additional 
surface exposure of the fresh root produced by splitting afforded more 
opportunity for air oxidation of the root constituents. The percentage 
t i*ansniittance of acetone extracts of the roots correlate with the toxicity 
of the roots, much better than any of the other chemical assays. 

SUMMARY 

1. Fresh derris roots whole and split were dried in the sun, in shade, 
and in the oven until constant weight was attained. Whole rGots in 
the oven were dried in less than 1 day. Whole roots dried in the sun 
required 4 days. S|)lit roots were sun dried in 2 days while 4 days 
were required to dry them in the shade. 

2. The rotenone content of roots of all treatments was practically 
the same, indicating that the drying treatments had no effect on this 
toxic constituent. 

3. There was no statistically significant difference between the toxi- 
cological value of the roots dried in the sun or shade, whole or split. 
However, the rotenone equivalent of roots dried in the oven was signifi- 
cantly lower than those dried in the sun and shade. The fact that the 
rotenone content was the same in all roots indicates that some other 
Gonstitiients that contribute to the toxicity was destroyed or changed by 
the treatment. 

4. The red color values were not appreciably different in any of the 
treatments, although there was a tendency for them to be soinewliat 
liigher when the rotenone equivalent was high. As found in the previ- 
ous experiment, there was no statistically significant deviation in the 
total chloroform extractives of the roots from the various treatments. 
The percentage transmittance values of acetone extract of the roots 
gave the best correlation with the toxicological values. 

5. These results indicate that derris roots may be dried either in 
sun or shade without appreciable loss in toxicity, but that drying 
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them ill an air oven at C., then at 50° C. as in this experiment, 
results in a lower toxicological value even though there was no loss 
of roteiioiie. 
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EFFECT OF ROOT DIAMETER ON CHEMICAL AND BIO- 
TOXIC CONSTITUENTS OF DERRIS » 

By C. Pagan a-nd R. H. Hageman, chemists, Federal Experiment Station, Office of 

Experiment Stations, United States Department of Agriculture, Mayagiiez, P. R. 

INTRODUCTION 

The literature shows that there are different opinions as to the 
relationship between diameters and toxicological values of Z?erm roots. 
Moreau (8) ^ and Sievers (12) state that the large roots are generally 
inferior in quality as determined by their total extractives and rote- 
none content. In contrast, Worsley (I 4 ) reports an average rotenone 
content of 9.41 percent in coarse’^ roots and 7.49 percent in fine 
roots. Koolhaas (6) in elava found that the extremely fine roots 
(1- to 2-mm, diameter) contained 9.0 percent rotenone while the 
large roots (10- to 17-mm. diameter) had but 4 percent. Moreau 
(8) states that in East Africa it has not been necessary to reject any 
of the roots from 3-year-old plants. This implies that even the large- 
roots contained sufficient rotenone (5 percent) to be marketable. 

Most workers in the field, however, believe that the medium roots, 
4- to 10-mm. in diameter, are superior in rotenone content to the fine 
or large roots. The chemical data presented by different workers 
seem to support this point of view. The data reported by Maas (6) 
is typical. He found the following relationship between rotenone 
content and root diameter: Fine roots (below 2-mm. diameter) 
contained 5.3 percent rotenone, medium roots (2- to 6-mm.) 9.1 
percent, and large roots (6- to 13-mm.) 7.9 percent. Moore (7) con- 
cluded that the medium root was superior in rotenone and total 
extractives. He found that in general the starch-bearing tissue pre- 
dominated in the thick older roots and that the resin- cell tissue that 
contains the rotenoids was relatively more abundant in roots of small 
and medium diameters. 

Since previous evaluations were based on the amount of rotenone or 
total extractives that the roots contained, it seemed desirable to assay 
the various root diameters biologically (5) and to compare these 
values with various chemical criteria. 

1 Received for publication January 3, 1949, 

2 Italic numbers in parentheses refer to Literature Cited, p. 422. 
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METHODS AND PRESENTATION OF DATA 

Two coiiiiiiereiallj important varieties of Derris elhpkm ('\Aall.); 
Beiitli., Sarawak Creeping, and, the MG clones (4) of the ^Chaiigi 
variety, were studied in this experiment. Two replicates of 25 plants 
for each variety were harvested from border rows of a previous experi- 
ment. The Sarawak Creeping plants were 48 months old at time of 
harvest and the ,Changi>Mg clones 36 months. Because of this dif- 
ference in age at harvest direct comparison between the two varieties 
cannot be made. The plants w^ere excavated as compkdely as possible 
and the fresh roots were divided into the following diameter groups: 
2 mm. or less, 2 to 4, 4 to 10, and over 10 mm. Many of the thidv 
roots in the Sarawak Creeping variety were over 25 mm., which is 
much larger than ordinarily found in roots harvested at 26 to 32 
months. In the MG clones the maximum root diameter was around 
15 mm., which is normal. All the roots wu’e dried in the sun; tlie 
thicker roots were split to hasten drying. The air-dry weights of tiie 
different sizes in each variety are given in table 1. 

Table 1. — The yield of roots and their toxic constituents oUamed by a diameter 
clmsifi cation of 2 varieties of Derries ell i plica, MG and. Sarawak Creeping {50 
plants each) 


Yield of roots 


Yield of rotenoiie 


Yield of rotenon(; 
equivalent - 


MG clones: 

Less than, 2 niin. 

2-4 miB.. 

4-10 mm 

10+ mm 

Total. 

Sa.rawak Creeping: 
Less than 2 mm. 

2-4 m,m 

4-10 mm,. 

10+ ,mm 

Total.. 


Grams 

Percent 

165.0 

4.4 

447.0 : 

12.0 

2,299.0 ! 

61.9 

802.0 1 

21.7 

3, 713. 0 


408.5 

6.4 

1,423.5 

17.6 

2, 472, 0 

38.7 

2,385.0 

37.3 

6. 389. 0 



Grams Percent 
13. 5 4. 5 

49. 2 16. 6 

197. 7 66. 5 

36. 9 12. 4 

297. 3 8. 0 

15. 1 6. 0 

65. 2 25. 9 

133. 5 53. 0 

38. 2 15. 1 

252. 0 3 3. 9 


Percent 
Grams oj total 

14. 2 4. 1 

54. 9 15. 6 

241. 0 69. 1 

39.3 11.2 

349. 4 4 9. 4 

22. 4 6. 7 

90. 5 27. 0 

222. 6 66. 3 

0 0 

3;i5.5 4,5.3 


J Rotenone yield obtained by multiplying the percentage of rotenooe determined chemically by the yield 
of root (gram) of each of the 4 diameter sizes. 

- Rotenone equivalent yield determined by multiplying tbe percentage rotenone equivalent obtained by 
the guppy test by the yield of root (gram) of each of the 4 diameter sizes, 
s Obtained by dividing total rotenone in grams by total yield of roots (gram), 

4 Obtained by dividing total rotenone equivalent in grams by total yield of roots (gram). 

Ill the MG clones the bulk of the root, about 62 percent, consisted 
of medium roots of 4 to 10 mm. in diameter. The rest of the yiehl 
was distributed as follows: 4 percent in the 0- to 2-mm, group, 12 
percent w^ere 2 to 4 mm., and 22 percent were over 10 mm. in diameter. 
The air-dry 3;ield per plant was 74.2 gm. and the total yield for the 
50 plants 3,713 gm. 

The distribution by diameter groups of the Sarawak Creeping roots 
followed an entirely different pattern. Roots of the 0- to 2-mm. size 
yielded 6 percent of the total, while 17 percent w^ere found to be in 
the 2- to 4-mm. class. The two largest diameter groups, 4 to 10 and 
10+ mm. yielded 38 and 37 percent, respectively. These data agree 
fairly well with the results obtained by White, Pagan, and Jones 
(IS). The yield per plant in the Saraw'ak Creeping variety was 
127.7 gm. and the total yield for the 50 plants 6,389 gm. 
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The roots were all ground to pass a 0.5-mm. sieve and analyses 
were made for rotenone (f), red-color value {2), total chloroform 
extractives, and transmittance {10). • The results from these deter- 
minations are presented in table 2. The biological assay was made 
by the “guppy” method {9). _ In order to facilitate statistical analysis 
between the different root sizes, the same amount of root powder 
(0.250 mg.) was weighed in all cases. A composite sample of all 
roots of each of the varieties was included in the tests. These com- 
posites were hiade by mixing the different root diameters on the 
basis of weight percentages of their respective yield of air-dry roots. 
The toxicological data is preserrted in table 3. 


Table 2. — ‘Chemical analyses hy root diameters of 2 varieties of Derris 


Derris elliptka 

Root diameter 

j 

Rotenone i i 

Total 
CHCls ex- 
tractives 2 

Red color 
value 3 

Transmit- 

tance 

M O clone 


! 

Millimeters 1 

ro-2 

2-4 

4-10 

Percent 
8.2 
11.0 
8. 1) 

4.6 
7.0 

8.7 

5.8 

1 5.4 

1.6 

! 4.1 

! 

Percent 

19.5 
26. 5 

20. 3 
10.2 

17.3 

10. 6 

15.3 
15.7 

5.2 

10.9 

Percent 

17. 5 
23. 5 
18. 1 
9.0 

15. 0 

9.5 

14.0 

12.5 
4.6 

10.0 

Percent 

52. 5 
48.5 
f»6. 0 
70. 5 

53. 0 
m.i) 
57. 5 

58.0 

79.0 
fU. 0 

Saraw'ak Creeping 

h)+ 

[Composite 

fO-2 

2-4 

4-10 

d)+- — - 

[Composite 


» Dltlerences between rotenone percentages greater than 0.89 perci^nt are significant at odds of 99:1. 

2 Differences between total choloroform extractives percentages greater than 2.0 percent are significant 
at odds of 99:1. 

3 Differences between red-color value percentages greater than 2.2 jXTcent are significant at odds of 99:1 


Table 3, — 'Results of toxicological assay by root diameters of 2 varieties of Derris 


Variety of Derm 
elliptka 


Root diameter 


Millimeters 


ro-2. 


■ 2-4... 

M G clone -{4-10-. 

]9-f- 

fCompositeA 



2-4... 

Sarawak Creeping...... -{4-10. 

lO-l-.- - 

(.Composite 


Rotenone: 
Standard 1. 
Standard 2. 
standards. 


Test 
solution ' 
rotenone 

Mean 3 
mortality 

Standard 

error 

Eoteiior) 

alei 

Test 

solution 

e equiv- 
It 2 

Root 

Increase 
in toxic- 
ity due to 
rotenoids 

Milli- 



MilU- 



grams per 



grams per 



milUHier 

Percent 

Percent 

milliliter 

Percent 

Percent 

0.082 

60.0 

4. 1 

0.086 

8.6 

' 4.8 

.110 

72.5 

2,5 

.122 

12.2 

10. 9 

.086 

62.5 

6.3 

. 105 

10.5 

■'22.0 

.046 

20.0 

7.1 

.049 

4. 9 

6. 5 

.070 

67.5 

11.1 

.112 

11.2 

59.9 

.037 

22.5 

8.5 

.065 

, '5. 5 

48. ■() 

.058 

47.5 

7.. 5 

. 081 

8.1 

39. 6 

.054 

55.0 

5.0 

, 090 

9.0 

m.B 

.016 

0 

0 

0 

0 

0 

.041 

25.0 

6. 5 

. 064 

6,4 

■ [SI..? 

.050 

22.6 

7. 5 




. 100 

62. 5 

9. 5 




.200’ 

90.0 

4.1 





J Concentration of root powder in test solution was in all cases LO mg. per ml, of acetone. 

3 Differences between mean mortalities of 9.7 per cent were significant at odds of 19:1. 

2 Rotenone eduivatent is the amount of rotenone the root must amtain in order to give the kill actually 
found. 

* Compounded on a perwntage weight basis to represent the entire root and analyzed separately. 
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Based on tlie results of tlie biological assays, tlie diameter groups 
2 to 4, and 4 to 10 mm. in Sarawak Creeping were tlie most toxic for 
this variety and both were superior by high sigiiificanGe to roots 
less tliaii 2 mm. and those over 10 mm. in diameter. Boots less than 2 
mm. ill diameter ranked third in toxicity while the largest roots were 
the least toxic. The thick roots (over 10 mm. in diametei) produced 
no mortality in the guppy test. The amount of rotenone plus the 
imknowii amount of rotenoids present in the 250-mg. sample used in 
the biological tests did not give an extract of sufficient concentration 
to reach the toxicity threshold. A toxicity value could have been 
established for the large diameter roots by increasing the amount of 
powder used for the test. This was not done because the statistical 
treatment of the data required a constant weight of sample for each 
of the diameter groups. It is interesting to note that nearly 35 per- 
cent of the total yield of dry Sarawak Creeping roots belonged to tbis 
group of large diameter roots. 

The bio-assay of the MG clones gave results entirely different from 
those obtained with Sarawak Creeping. Roots with diameters from 
2 to 4 mm. were significantly better than the other three groups. 
Roots in the 4- to 10-mm. class came next, followed closely by 0- to 
2-mm. group. These two groups were significantly better than the 
roots 10 mm. in diameter and larger. 

The rotenone equivalent for the composite sample of Sarawak 
Creeping was foimcl to be 5.4 percent ; as shown in table 1 the value 
calculated from the individual percentage rotenone equivalents of the 
diameter groups was 5.3 percent. This good agreement between the 
calculated and the observed toxicity of Sarawak Creeping roots is in 
sharp contrast with the values found in the MG clones. In this variety 
the calculated rotenone equivalent was 9.4 percent and the actual 
value as determined on guppies was 11.2 percent. The reason for 
this disagreement is not known. 

Table i also presents a comparison of the yield of rotenone equiva- 
lent by diameter groups. The yield was obtained by multiplying the 
mean yield of air-dry root for 'each diameter by the percentage of 
rotenone equivalent obtained with the guppies. ' These results ^show 
that even though the best quality roots of the MG clones were in the 
2- to 4-niin. diameter group and the best quality Sarawak Creeping 
roots were in the 4- to 10-mm. group, the highest yield in both cases 
fell in the 4- to lO-mm. group. 

The relation between chemical and toxicological constituents is 
shown graphically in figure 1. In this figure the different chemical 
constituents and the rotenone equivalent were plotted against the 
root diameter. The similarity of the shape of the lines show that in 
both Sarawak Creeping and MG clones there is a direct relationsliip 
between the chemical values and the actual toxicity. The total 
clfforoform extractives in both varieties correlated more closely with 
rotemone equivalent than did any of the other chemical constituents. 
This can be seen also from the ratios presented in table 4 and substan- 
tiates experiments previously reported {ID. The transmittance values 
obtained from the Sarawak Creeping plants correlate quite well with 
the bio-assay, while in the MG clones this value does not agree with 
the rotenone equivalent as well as the other chemical constituents. 
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Figure 1. — Chemical and toxicological values of some derris roots plotted against 

root diameters. 


Table 4. — Comparison of chemical and toxicological values by diameter groups of 

2 varieties of derris root 


Ratio of rotenone equivalent to— 


Sample 

Total CHCL 
extractives 

Red color 
i value 

Rotenone 

MG clones: , , 

Less than 2 mm... . 

0. 440 

0.491 

1.05 

2--4 mm. . 

.460 

. 519 

1. 11 

4-10 mm ....1 

. 517 

. 680 

■1.22 
1. 06 

lO-h mm 

.480 

.644 

Samwak Creeping: 

Less than 2 mm.- 

. 619 

.678 

1.48 

2-4 mm 

.529 

. 678 

1. 40 

4-10 mm.. ........... .. 

■ . 573 

.720 

2.00 

. ■ 20‘-f-mm.... ■ .. 


1 




The increase in toxicity due to rotenoids is very noticeable in Sara- 
wak Creeping and less so in MG clones, as shown by the shaded area 
in figure 1. This is in agreement with the work of Jones et al (S). 
In both varieties the rotenoids in 4- to 10-mm. roots were most toxic, 
causing an increase in toxicity of 66.5 percent in Sarawak Creeping 
and of 22.0 percent in MG clones. 
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DISCUSSION 

Tlie roteiioiie content in the- roots of ^ the composite sample of 
Sarawak, Creeping was 4.1 percent. This is below the minim iim 
marketable standard of 5 percent rotenone. However, if the thick 
roots (10~mm'. and over), which contain only 1.6 percent rotenone, 
are not included in the composite the average rotenone content of 
the root S 3 rsteiii increases from 4.1 to 5.3 percent and the average 
rotenoiie equivalent increases from 5.4 to 8.4 percent. Since the 
thick roots represent 33.0 percent of the total root yield and contain 
15.0 percent of the total rotenone content, a considerable loss of 
toxic ingredients would result by discarding this material. Since a 
proportionate increase of the large roots lowers the quantity of 
rotenone, it would appear that harvesting of this variety would be 
most profitable if done before the large roots develop. This conten- 
tion is supported by the work of White et al {IS) which indicates that 
composite root samples of Sarawak Creeping contain 6.6 percent rote- 
none at 26 months and 5.6 percent at 32 months. 

SUMMARY 

The data presented show that in the MG clones roots 2 to 4 mm. in 
diameter were the best in quality, while roots 4 to 10 mm. in diameter 
gave the best yield and contained the greatest amount of toxic con- 
stituents. Furthermore, considering the age of the plant and local 
growth conditions, all of the root produced by this variety was of 
marketable quality. In the Sarawak Creeping variety the group 4 
to 10 mm. in diameter was the best in quality and contained the great- 
est quantity of toxic constituents. Eoots less than 2 mm. or above 
10 mm, in diameter do not have the minimum rotenone content for 
marketable roots; rejecting the thick roots (10 mm. and over) would 
bring the remaining roots to marketable standard. 
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CRITERIA FOR TESTING VANILLA IN RELATION TO 
KILLING AND CURING METHODS ‘ 


By Mekriam A. Jones and Gieda C. Yioet^tk, ^ chetnist and eolIal)orating chemist^ 

respectively, Federal Ea^perinient Statkm, Offlce of Bvperiment Stations, 

United States Department of Ayr icultnre, Maifagilez, P. R/ 

INTRODUCTION 

The widely known flavor, vanilla, is prepared from the vanilla bean 
which is the fruit of a tropical orchid, Vanilla fragrwm (Salisb.) 
Ames. Actiially, the fruit is not a bean but a pod, 5 to 10 inches long, 
one-quarter to three-quarters of an inch in diameter, and somewhat tri- 
angular in cross section. Inside the thick fleshy outer wall are nu- 
merous small black seeds. The pods are harvested from the plant 
when a yellow color develops on the blossom end of the pod. They 
are then cured in four steps as follows : 

(1) Killing — by wilting, or killing by immersion in hot wniter or by 

sunning ; 

(2) Sweating — by exposure to the sun and wrapping in blankets, or 

warming in an oven ; 

(3) Drying (the beans now dark brown and flexible) to 15 to 

30 percent; 

(4) Conditioning — storing the product for several months in closed 

boxes at room temperature, during which time the flavor 

develops. 

The cured material has the characteristic vanilla aroma and is ready 
for market. 

For use as a flavor, the beans are ground with sugar and other in- 
gredients or extracted wnth alcohol or some other nontoxic solvent to 
obtain the well-known vanill a extract. To enhance its flavoring value, 
the final product is of ten foitified with vanillin prepared from lignin 
or from clove oil. 


VReceivecl for publication Jantiary 3, 1949. 

“ The authors are indebted to Mr. Robert Rosenbaum of David Michael and Com- 
pany, Philadelphia, Pa., vanilla processors* Mr. Rosenbaum examined various 
extracts referred to in this paper and furnished written opinions of his results. 
His tests were based on the aroma of the extracts as they are slowly evaporated 
without heating. 
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CRITERIA FOR TESTING VANILLA 

It is geiierallj agreed that the criteria usiially ^applied to vanilla 

do not constitute a true measure of' the, qiiality of the product. An 
analysis of vanillin and determination of phenol value, lead number, 
and resin content iiiay be useful in identifying vanilla and detecting 
adiilteration, but the}" are of little value in ineasuring quality. Even 
the usual grader's examination for texture, color, _ aroma, and appear- 
ance, which is valuable in obtaining rapid estimation of quality, is not 
eiitii'ely satisfactoiT. Each of these properties is only symptomatic of 
ciiiality ; that is, the product may appear to be excellent according to 
several of these criteria and yet may be quite inferior when used as a 
flavor. ()i% two samples may appear fairly equal according to these 
tests and still differ markedly in flavoring strength and other 
characteristics. 

Vanilla, as well as other similar materials, can be tested organolepti- 
cally in ice cream by several testers and the results analyzed statis- 
tically to evaluate the degree of difference among the samples. This 
method was tried on a set of extracts, to evaluate both the products and - 
the tecliniqiies of testing.^ 

Tlie same extracts were used numerous times at various strengths 
and ill different recipes. The most satisfactory ice cream recipe to 
date calls for 1 pint of cream (40-percent butterfat) , 4 pints of milk 
(4-percent butteiTat), 15 percent sugar, and 0.3 percent gum traga- 
caiith. The mix was divided into separate portions, one for each 
sample and the extract added at the rate of 2 cc. per 100 cc. of mix. 
To one sample in each series, the blank, no extract was added. After 
cooling to 10° C. the samples were churned in a hand freezer to a hard 
consistency and stored at — 10° until tested. 

The vanilla extracts used throughout these curing experiments were 
prepared as follows: The moisture content of the cured beans was 
determined so that the extracts could be made with a known projior- 
tion of alcohol to dry vanilla tissue. The beans were cut to 1-cm, 
slices and soaked in 10 cc. of 50-percent alcohol per gram of dry matter. 
The beans and alcohol were kept in a flask fitted with an air condenser. 
Over a period of 2 weeks the flasks were warmed twice daily in a water 
bath at 60° C. At the end of this time, the extracts were filtered 
through cotton to remove the solids. 

The ice cream samples were tasted from 3 to 22 hours after freezing 
ill two series with coded designations. The ranking of each tester 
was checked for reliability by calculating the correlation coefficient 
between the two separate rankings made by the same tester. The 
data were accepted as reliable if the tester obtained the same ranking 
both times, or if in the second rim he interchanged two sanqiles other 
than the blank that were consecutive in the first run. However, 
if the tester interchanged first and third rank, the correlation co- 
efficient. then below 0.^7, was considered too low and the tester’s 
<lata were r ejected. Esing the ranks obtained by reliable testers, the 

®Boss, i_\ I., Axdehson, E. O., and Mablaistb, R. E. a technique for testing 

CONSITMEE PREFERENCES, WITH 8PECXAE BEEE3KENOE TO THE CONSTITUENTS OF ICE 

CREAM. (.\)nneeticiit [Storrsl Agr. Expt. Sta. Bui. 251, 20 pp. 1943. 
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data were then treated statistically as tlioiigh eacli ranking were made 
by a' dilferent tester.. For ' example, if three reliable testers each 
made two acceptable determinations, the final statistical analysis was 
made as though tliere ivere six testers. 

The same set of extracts was used on several different dates and 
scores for the samples calculated each time. If, on any given date, 
the differences between scores were not considerably greater than that 
necessary for high significance, the data for that date were discarded 
on the assumption that the recipe used was such that the differences 
between samples were not brought out sharply. Of course, if tliis 
occurred consistently, the data were accepted and the conclusion 
drawn that the differences among the samples were not great. How- 
ever, where appreciable differences were obtained on some dates, tlie 
data from runs in which differences were small were discarded and 
the weakness of the data attributed to the receipe. 

COMPARISON OF KILLING METHODS 

In 1943 an experiment in which different curing methods were com- 
pared showed that scratching the beans was a good way to kill them.^ 
Recently, further trials were made with combinations of the follow- 
ing killing methods singly and in combination: (1) Dipping in water 
at 80"^ C. three times for 10 seconds at 30-seeond intervals; (2) 
scratching each face 1 mm. deep from end to end (some beans were 
scratched only 2 cm. from the stem end to decrease the brittle nature 
of the stem end in the cured product) ; and (3) frozen at —10° for 
24 hours. After killing the samples were oven-sweated at 45° and 
dried at room temperature to 28.6 percent of the fresh weight, after 
which they were conditioned in closed boxes at room temperature 
for 6 months. Duplicate 260-gm. samples of 6- to 8-inch blossom- 
end-yellow beans wei^e used. No mold developed in any of the samples 
and splitting was negligible. 

Those killed with hot water were smooth, oily, and dark brown dur- 
ing sweating. During drying the oiliness changed to stickiness and 
a very slight vanilla aroma became noticeable. The conditioned 
product was very dark brown, somewhat rough, and not flaccid. The 
beans were shiny and had no vanillin crystals on the outside. The 
aroma was prunelike with strong vanilla character. 

Beans killed by seratching required about 1 day to become brown, 
which was somewhat longer than in the other treatments. The beans 
were oily during sweating, but somewhat less after drying. Some 
flowery aroma developed during drying. Those scratched to 2 cm. 
from the stem end had a firm lump in this position which later dis- 
appeared and left the stem end flexible. Those scratched along the 
entire length became woody at the stem end. The texture was more 
flaccid than those killed with hot water but was nevertheless firm. 
After conditioning, the color was dark brown with some reddish cast 
and the oiliness had subsided. The ai'oma was strong, flowery, very 
agreeable, and fully developed. Of all the treatments, only this one 
resulted in vanillin crystals being formed on the surface of the beans. 
It was also noted that the samples were completely cured in about 

Arana F. E. vanilla curing ang its chemistry. Puerto Rico (Mayaguez) 
Agr. Expt. Sta. Bui. 42.. 17 pp., illus, 1944. 
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2 nioiitlis of co:n,ditioiiiB.g. Those scratched the entire length of the 
bean had wood}^ stem ends, but those scratched to 2 cm. from the stem 
end did iiot. ' ■ . ^ ^ 

The coiiibiiiation treatments consisting of a hot-watei' kill followed 
by scratching, as well as that consisting of scratching followed by 
a hot-water kill, resulted in a product similar to that of hot-water 
kill alone. However, the vanilla aroma was not so strong in tlie 
scratched beans, and plugs of resin formed in the scratches which lent 
a ferineiited aroma to the beans. 

The samples killed by freezing were characterized by a reddish- 
brown color and a very flaccid texture that persisted throughout the 
curing process. During sweating the beans were slightly oily, but 
this had subsided by the time conditioning was oyer. The product 
was smooth and of sweet, suave aroma with less vanilla character than 
those killed by the hot-water or scratching process. 

The combination treatments, hot water-freeze, freeze-hot water, 
scratch-freeze, and freeze-scratch, resulted in a product like that of 
frozen beans except that the aroma was a little stronger in the double- 
treated samples. The color was reddish brown and the aroma sweet, 
similar to beans killed by freezing. Of the combinations the scratch- 
freeze process resulted in the strongest vanilla aroma. 

According to the foregoing observations on aroma the three siiigle- 
killing processes ranked as follows: Fii^st, scratching; second, hot 
water; third, freezing. The scratching method was best when the 
scratch was not carried all the way to the stem end; woody stem ends 
were thus avoided. None of the combination procedures wei'e out- 
standing improvements over the single methods. However, the freez- 
ing method was improved to some extent when it was preceded by a 
scratching or a hot-water kill. 

Extracts were prepared from vanilla beans killed by different 
methods, and the vanillin analyses on a dry-weight basis gave the 
following results: Hot-water killing method, 2.80 percent; scratched, 
3.30; frozen, hot water, scratched, 2.85; scratched, hot water, 
2.86; hot water, frozen, 3.00; frozen, hot water, 2.66 ; scratched, frozen, 
2.86; and frozen scratched, 1.93 percent. 

Scratching the beans resulted in the highest vanillin content and it 
was pt‘evioiisly noted that the product appeared to be superior. How- 
ever, organoleptic tests made with ice cream prepared from the ex- 
tracts indicated that the extract made from beans killed by hot water 
scored best and those killed by freezing scored second. The difference 
between the two was not significant. Both were superior by high 
significance to the extract of beans killed by scratching. The Jatter 
was significantly superior to the blank. In appearance, the scratched 
beans seemed to be superior because of the rapid rate of curing, vanil- 
lin crystallization, high vanillin content, and good aroma. However, 
according to the organoleptic ice cream test, which is a more objective 
criterion, the beans killed by hot water and freezing were superior. 
This indicates again that the appearance criteria are not necessarily 
related to final quality. 
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EXPERIMENTAL CURING METHODS 

WHOLE, CUT, AND GROUND BEANS 

In the following work the above criterion of vanilla quality was 
used in some cases in conjunction "with the ordinary tests. The cuiing 
of vanilla using wdiole, cut, and ground beans has been the subject of 
extensive investigation at this station. A previous report ^ presented 
the results obtained in experimental curing procedures as well as in 
biochemical studies of the enzymatic processes involved in curing."^ 
These experiments emphasized the importance of oxidative changes 
that occur during curing. It was found that the principal oxidizing 
reactions of the vanilla enzyme system were brought about by an 
oxidase. That this oxidase could also oxidize vanillin and other 
phenols has been determined. Thus it becomes of interest to study the 
role of oxygen in the process. The present experiment was designed 
primarily to show the effects of aeration on the bean tissue during 
curing. A second objective was to determine whether such a method 
could be used to simplify the curing methods commonly used. 

Duplicate 200-gm. samples of fresh beans, harvested when the blos- 
som end became yellow, were used in four different degrees of tine- 
ness: (1) Whole, (2) 1-cm. slices, (3) ground through a food chopper, 
and (4) ground with a pestle with sand in a mortar. The main differ- 
ence between treatments (3) and (4) was that, in the former, few 
cells wmuld be ruptured while in the latter most cells would be broken. 
The samples were then oven-killed at 60"^ 0. for 24 hours, sweated until 
the whole beans were flexible, dried to 28.6 percent of the fresh weight, 
and conditioned in closed jars at room temperature. 

The whole beans became dark brown, oily, and developed a suave, 
flowery vanilla aroma. The beans cut to 1-cm. slices became dark 
brown and shiny, but showed a green undeveloped character which, 
during conditioning, turned to a prunelike aroma ; vanilla aroma was 
weak. Samples ground in the food chopper turned brown on top 
where exposed to air, but became dark brown throughout only after 
mixing. The aroma was like that of the cut beans except that the 
prunelike note was even stronger ; in fact, it was so strong that no 
vanilla aroma could be detected. Beans crushed in the mortar also 
turned brown on top where exposed to air and had to be mixed to ob- 
tain a uniformly dark brown mass. While drying, a slight vanilla 
aroma developed, somewhat like that of the controls but not so strong. 

Extracts were prepared from these samples for vanillin analysis 
and organoleptic tests. It was found that beans cured whole con- 
tained 3.45 percent of vanillin, those cut to 1-cm. slices 3.21 percent, 
those ground in the food chopper 3.65 peiTent, and those ground with 
sand 3.79 percent. Apparently the sliced beans lost some vanillin, 
probably by sublimation, while the ground beans had even more vanil- 
lin than the controls because of the intimate contact brought about 
between the glucovanillin and the hydrolyzing enzyme and because 

* Arana, E. E. vanilla cubing and its chekistrt. Puerto Rico (MayaguoB) 
Agr. Expt. Sta. Bui. 42^ 17 pp., illus. 1944. 

® See secOuU of tUis series in tUe Journal of Agiuculturai Research* vol, 
78, No. 11, for further results in eni^me studies. 
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of the decreased exposure dining which vanillin could sublime. Or- 
ganoleptic tests made with ice cream showed no differences among the 
products of these four treatments. -.r -n 

After organoleptic examination of these extracts, Mr. Kosenbaum 
made the following comments; The extract of the beans cured whole, 
Ao. 5, had “a fuirbodied aroma, a rich Mexican type characteristic 
well rounded. The best of No. 5 to 10.” The extract of the beans 
cured in slices. No. 6, was “clean and fairly well rounded ; more flowery 
than No. 5, and somewhat lighter in depth and character.” The ex- 
tract of the beans passed through a food chopper, No. 7, was “well 
rounded with a full-bodied aroma that was close to No. 5 in all char- 
acteristics. but seemed to be slightly less full than No. 5.” The extract 
of the beans crushed with sand, No. 8, was “more insipid than Nos. 5, 
(5, and 7; slightly flowery in character. Lacks well rounded body. 
Similar to No. 6 generally, but apparently not as well developed.” 
He regarded the products from whole beans and from beans ground in 
a food chopper as the best. 

It is concluded from this experiment that excessive aeration such 
as that obtained with cut or coarsely ground beans resulted in excess 
oxidation and a consequent development of a prunelike note in the 
aroma. Because of the simplicity of curing dropped vanilla these 
processes appear promising. In spite of the differences in vanillin 
content, aroma, and color, it is interesting to note that little difference 
in the flavor of the extracts could be demonstrated. 

CURING THE SEPARATE PARTS OE THE FRUIT 

Two-hundred-gram samples of beans were sectioned longitudinally 
to give one sample of the pod wall, or fleshy part of the bean, and 
another sample consisting of the central seed portion with placental 
tissue. On curing, the seed and placental tissue turned brown but 
developed no aromatic character. The pod wall without central seed 
portion and placental tissue turned brown and developed a strong 
sweet aroma with some vanilla character during the sweating and dry- 
ing period. These samples were especially oily inside where the seeds 
had been removed. The oil became sticky and finally hardened to a 
resinous film. During conditioning a fermented acid note became 
noticeable, but vanilla aroma was still present. After conditioning, 
the vanilla character predominated ; however, this character was in- 
complete as compared to whole cured beans. 

Extracts were prepared from these samples for vanillin analysis and 
organoleptic tests. The seed and placental tissue contained 2 percent 
vanillin, dry basis, but when the tissue was incubated with emu! sin 
the percentage increased to 2.74, indicating that unhydrolyzed gluco- 
vanillin was present. The cured outer wall contained 4.03 percent of 
vanillin. From the fresh and final weights and the vanillin and mois- 
ture contents it was calculated that the outer portion constituted 64.7 
percent of the dry matter of the beans and contained 72.8 percent of 
the vanillin. The remainder in the seed and placental tissue was 3.5.3 
percent of the dry matter and 27.2 percent of vanillin. 

Concerning these extracts Mr. Kosenbaum said : The extract of the 
seed and placental portion has “a very heavy character with a strong 
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flowery note and a distinct Mexican end aroma. A 'well rounded 
extract.” The extract of the outer portion has “a fatty odor, seemingly 
somewhat scorched in character. Almost lacking in sweet note but 
has a heavy Mexican type end product. Not well rounded at all.’* 
The extract of whole beans from this same lot was considered to have 
a ‘Tull bodied aroma with a rich Mexican type characteristic; well 
rounded ; best” of samples submitted. 

CONDITIONING TEMPERATURES 

Previous experimental work in vanilla curing has involved different 
methods of killing, sweating, and drying but no attention has been 
given to the final stage, conditioning. It is recognized that consider- 
able change takes place during the initial stages of curing but the 
principal development of aroma occurs during conditioning. It is 
therefore of interest to condition the product in different ways to 
determine whether the final product is affected. One variable that is' 
readily changed is the temperature at which conditioning is carried 
out. In commercial curing, if warm temperature were desired, con- 
ditioning could be done in a loft or a sun-heated shed. If cool tempera- 
ture were desired, conditioning could be carried out in a basement 
or a similar cool place. 

To determine the effect of temperature during the conditioning 
stage, two trials were made. In the first trial three lots of 250 gm. 
each of blossom-end-yellow beans were cured as follows : The beans 
were frozen solid ovmmight at “-10^^ C., thawed and dipped in hot 
water (80°) for three 10-second periods at 30-second intervals. ^ After 
sweating and drying to 30 percent of the fresh weight, conditioning was 
carried out in closed cans at three temperatures, 13°, 27°, and 35°. 
Weekly examinations were made to observe weights, aroma, color, 
vanillin crystallization, and mold development. 

During the curing process no mold developed on any of the samples 
and no differences in color appeared among the treatments. Within 
1 month after the begimiiiig of the conditioning period, the beans 
at 35° 0. had developed a slight aroma. Subsequently the aroma of 
these warm-conditioned beans developed more fully and had a pungent 
note characteristic of Mexican vanilla. Those kept at room tempera- 
ture were characterized by a more flowery aroma typical of Puerto 
Rican vanilla and eventually the aroma was more developed than was 
the case with those conditioned at 13°. However, the cold-conditioned 
beans had a sweet odor early in the experiment before either of the 
other groups developed a definite aroma. 

Vanillin crystals appeared after 6 months’ conditioning on the beans 
kept at low temperature. Those at room temperature had ci’ystals 
within 10 days, but those conditioned in the oven produced no crystals. 

Samples for tasting were taken 6 months after conditioning was 
started. In all samples the seeds were tasteless and sandy. Those 
kept at the lowest temperature had the most pleasant aroma but, as 
the conditioning temperature increased, the aroma was stronger. 
The outer wall of those kept at 35° 0, was bitter and aromatic and 
had a taste similar to that of chewing tobacco. 
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After 714 1110.11 tlis of conditioning, moisture determination showed 
tliat beans kept at low temperature contained 27.9 percent of moisture, 
those .kept at room temperature 21.9, and those in the OYen lS.S percent. 
Vanillin analysis by the method used by the Association, of Official 
Agricultural Chemists showed that on the dry basis all the samples 
contained about 3.5 percent vanillin. 

Ice cream samples were made with the extracts, from the lots of 
Taiiilla beans that had been conditioned at the three different tempera- 


tures. The samples from the beans conditioned in the oven had the 
most superior flavor, those stored in room temperature the second best 
flavor, and those stored in the refrigerator the least desirable flavor. 

In a second trial beans treated according to the following procedure 
were used. The samples were killed by, immersing them three times 
in hot water at 80° C. for 10 seconds at 30-second intervals. F ollowing 
this the beans were kept in blankets for 1 day and then oven-sweated 
in blankets at 45° until flexible. After drying at room temperature to 
28.6 percent of the freight weight, the beans were conditioned in sealed 
cans using four different temperatures: 45°, 35°, 27°, and 13°. After 
conditioning for 6 months it was found that those conditioned at 45° 
had the strongest vanilla aroma accompanied by a sweet primelike 
note. The beans conditioned at 35° were not so strong but were more 
suave. Those kept at 27° and 13° were comparatively poor. Ap- 
parently higli-temperature conditioning brought out background 
fixative qualities not so noticeable in the ordinary cured material. 
It is also important to note that the beans at 45° were completely cured 
after about 3 months of conditioning. 

Extracts were prepared from these samples and when they were 
filtered through paper to remove fine solids it was noted that the higher 
the temperature at which the vanilla was conditioned the more rapid 
was the filtration. This indicated that more fine solids were suspended 
in the extracts of the beans conditioned at lower temperatures. 

Mr. Eosenbaum said concerning these samples conditioned at 13° C., 
^'Ao. 1 has a typically Puerto Rican light, flowery bouquet that is 
somewhat insipid all the way down. It has only a light flavor body 
that owes much of its character to vanillin. Tlie deeper tones are 
ahnost lacking.'’ Of those conditioned at 27°, he said : ^'No. 2, not quite 
as sweet and flowery as No. 1, but possesses more body, and a slightly 
better rounded character. Both No. 1 and 2 are lighter in body and 
depth than No. 3 and 4.” Of the third sample, conditioned at 35°, he 
said: 3 has a rich, wmey character backed by the lighter fruity 

and flowery fraetiom. Much heavier and better rounded than No. 1 
and 2. having a different shading which is closer to No. 4 in type 
borne Mexican character.” And he described those conditioned at 45° 
as lollows: ‘ No 4 slightly leathei 7 odor indicative of higher fat 
content. Similar in character to No. 3 with rich, sweet body, and yet 
a note of the Puerto Rican character. Apparently heavier in end 
bouquet than any of the others, with a rich Mexican character.” 

Jlr. Rosenbaum suimned up his conclusions for all four tests as 
follows : No 1 and 2 are mferior to No. 3 and 4, with No. 1 a shade 
less desirable than N o. 2. N o. 3 and 4 are closer together in character, 
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with Mo. 3 being my first choice as the best of the lot, but a second 
examination changed my choice to Mo. 4 as the best rounded because of 
its heavier end bouquet.’' _ ■ 

Vanillin coiiteiits were 2.07 percent for the beans conditioned at 
45° C., 2.21 percent for those at 35°, 2.55 |)ercent for those at 27°, and 
2.73 for those at 13°. The corresponding moisture contents were 14.1, 
18.3, 20.5, and 18.5. , Organoleptic tests of the extracts in ice cream 
showed that the extract from beans conditioned at 45° was superior 
by high significance to the others. Likewise, the extract from beans 
conditioned at 35° was significantly superior to those from beans con- 
ditioned at room and at refrigerator temperatures. Of the latter two, 
the extract from room-temperature-conditioned beans scored higher 
than that from cold-conditioned beans, but the difference was not 
significant. 

It is concluded that conditioning at 45° C. was best, but that the 
beans should not be too dry at the beginning of conditioning. If the 
beans were dried to one-third of their fresh weight and then con- 
ditioned in closed containers at 45°, the product would not be so dry 
and the conditioning iDrocess 'would be coinplete in about 3 months. 

RECOMMENDED CURING PROCEDURE 

On the basis of the experimental work of the authors, the following 
curing procedure for whole beans is recommended : 

(1) As soon as possible after harvest, wipe the beans with a damp 
cloth and kill by immersing them three times for 10 seconds in hot 
water (80° C.) at 30-second intervals. 

(2) Sweat in sun in blankets, or in a closed oven at 45° C. contain- 
ing a pan of water. 

(3) Dry at room temperature to one-third of the original fresh 
weight. 

(4) Tie beans in bundles, wrap the bundles in heavy paper or seal 
in jars or cans, and condition at 45° C. for 2 to 3 montlxs until the batch 
has dried to one- fourth of the original fresh weight 

(5) Kemove cured product and allow to air for 2 days. 

(6) Wrap and pack for shipment. 

SUMMARY 

The criteria by which cured vanilla is judged rvere considered. It 
is concluded that, since no purely objective methods are available, 
the best pimcedure is to apply a subjective method, the results of which 
can be treated statistically to yield a valid measure of goodness. An 
organoleptic test wdl suited for this purpose is descidbed. The test 
is made with ice cream containing the vanilla extract. 

The effect of several killing methods on quality of the cured product 
was determined. The hot- water MU gave the best pmdiict, with freez- 
ing second, and scratching third. However, the latter had the highest 
vanillin content. 

Beans cured wdiole, cut, and ground yielded extracts that w'ere not 
greatly different in flavoring properties. The cut beans had a prune- 
like aroma but yielded a satisfactory extract. The ground beans were 
highest in vanillin. 
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Curing tlie pod separate from the seed and placental tissue showed 
that the pod portion accounted for the main part of the flavor of the 
bean. 

Vanilla conditioned at 45° C. was superior to that conditioned at 
35° which, in turn, was superior to the product stored at 27° or 13°. 

These experiments show that vanilla-curing methods may be modi- 
fied in two important respects: (1) Beans may be cuter ground be- 
fore curing, thus simplifying the handling processes, and (2) condi- 
tioning may be carried out at 33°-45° C. to yield a superior product. 



INACTIVATION AND VACUUM INFILTRATION OF 
VANILLA ENZYME SYSTEMS ^ 

By Merriam A. Jones and Gilda 0. Vicente/ chemist and cellahorating chefnist^ 

respectwely, Federal Eirperiment station^ of Ewperlment EfiUed 

States Department of Agriculture, Mayaguez, P. R. 

INTRODUCTION 

Tlie term ^‘curing’’ is commonly used to denote the over-all chaBge& 
that take place during the processing of many different types of raw 
material to a finished product ready for the market. The term covers 
processing of such diverse products as vanilla, tobacco, cheese whisky, 
and derris root. The actual changes that occur in all of these curing 
processes may be basically different but they can be classified as: (1) 
Those involviug the loss of water but no chemical transformations; 
and (2) those involving principally changes in the chemical composi- 
tion and in which the loss of water is of only minor importance. 

The first class, including such processes as the curing of derris root 
and of ginger tubers, mainly involves drying; any chemical changes 
that do occur may be deleterious. For example, under poor drying 
conditions, derris root curing results in browning and loss of rotenone.^ 
Similarly, slowly dried ginger becomes discolored, hard, and of poor 
quality. The second class of curing, in which hydrolytic and oxida- 
tive changes are of more importance than the mere loss of water, is 
exemplified in such items as cheese and vanilla. This class can be 
further subdivided into two curing processes, in which the chemical 
changes are brought about principally by: (1) Enzymes, as repre- 
sented by The hydrolytic cleavage of glucovanillin in vanilla, and 
(2) chemical transformation without enzymes, such as occurs in 
whisky curing. Those processes depending upon enzymatic action 
can be further classified according to the source of the enzyme into : 
Foreign enzymes such as those furnished by micro-organisms in the 
curing of cheese; and intracellular enzymes, wdiich are contained 
in the material to be cured. These differences in curing processes are 
shown schematically in figure X. 

/Received for rtiblicatioii January 3, 1940. 

"A previous paper, entitled Criteria for Testing Vanilla in Relation to Kill- 
ing and Curing Methods, Part I of this worh, is puhlished in the Journal of Agri- 
cnltnral Reseaich, vol. 78, No. 11. 
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CURING 


No chernicoi change Chemicol change 



INTRACELLULAR ENZYMES EXTRACELLULAR ENZYMES 

(vaniilo) (cheese) 


Figure 1. — Schematic arrangement to show the differences among curing 

processes. 

THE VANILLA ENZYME SYSTEM 

Yanilla curing is a process involving enzymes that are present in 
the tissue of the beans. An important point of inquiry is the part 
played by various types of enzymes in the curing process. It is well 
known that glucoyanillin is hydrolyzed by a glucosidase and that 
there is some peroxidase activity in the beans. It was also found that 
excessive killing by prolonged immersion in hot water inhibited the 
browning system of the bean. In an unpublished report, E. K. Nelson, 
working at this station, stated that expressed juice of vanilla beans 
did not turn brown if kept from contact with air. 

There are, then, two oxidizing enzymes in the whole tissue of the 
vanilla bean. One of these, a peroxidase, uses hydrogen peroxide. 
The other, a type of oxidase or aerobic dehydrogenase, utilizes molec- 
ular oxygen as acceptor for hydrogen removed from phenols that are 
being oxidized to stable pigments. 

To study the oxidizing enzymes, a modification of the method of 
Mdler and Dawson ^ Avas used. Briefly the procedure for testing by 
this technique is as follows : A known amount of enzyme is added to 
a buffered solution of catechol and a small amount of ascorbic acid 
in a flask mounted in a water bath. Air is bubbled through the solu- 
tion and a capillary siphon is used to conduct the solution dropwise 
into a dish containing excess strong sulfuric acid, pyrogallol, potas- 
sium iodide, and starch solution. 

^ The enzyme catalyzes the oxidation of catechol to a quinone which 
1$ immediately reduced again by the ascorbic acid. When all of the 
ascorbic acid is oxidized, tree quinone siphons into the receiving dish 
and oxidizes the iodide ion to iodine which, in turn, yields a blue 
color with the starch. The acid is present to kill the enzyme com- 
mg from the siphon and the pyrogallol to inhibit premature oxidation 
of the iodide ion by air. The time required for development of the 
him color is an inverse function of the activity of the enzyme. 

For the work with vanilla beans the crude enzyme was not isolated 
but a weighed amount of bean was crushed with sand in a mortar and 

^ Millee, W. H. and Dawsox, 0. K. a nuw method for the measurement of 
TVOsiNASE CATECiiOLASE ACTIVITY, Amer. Clieiu. Boc'. lour. 6a : SS75-S3S2. 1943. 
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Mclded to the buffered catechol. Since the activit}^ was low no ascorbic 
acid was added to lengthen the time for the test. , The capillary siphon 
was equipped with a cotton filter to avoid stoppage by tissue frag- 
nieiits. For reaction times in excess of a few minutes the potassium 
iodide and starch were not mixed wdth the acid in the i^eceiving dish 
because, in spite of the pyrogallol, the mixture would take on a purple 
line. The siphon was placed above the dish containing the acid, and 
samples were removed periodically for test 'with potassium iodide 
and starch on a spot plate. Pyrogallol Avas omitted from the reaction. 
When the reaction time was expected to be long, the siphon was run 
only at intervals. The technique was tested with excellent results, 
using potato peel, which is known to contain an oxidase. For the 
record of results, an arbitrary scale was defined as follows : Positive 
results in 0 to S miiintes, high activity; in a to 15 minutes, mediuiii 
activity; in 15 to 30 minutes, low- and over 30 minutes, inactive. 

In order to determine whether any ascorbic acid was present in the 
plant material that would i*etard the test for oxidizing enzymes, 
qualitative tests were made by adding methylene blue to a suspension 
of bean crushed in dilute oxalic acid. No bleaching took place when 
the blue suspension wuxs exposed to sunlight. The addition of a minute 
crystal of ascorbic acid to the suspension caused rapid bleaching by 
sunlight. It can, therefore, be concluded that no appreciable amount 
of ascorbic acid was present in the bean tissue. The same results 
were obtained with slices of green and killed beans, but with cured 
beans the methylene blue was bleached, perhaps by some compound 
other than ascorbic acid. How^ever, since cured beans gave positive 
results for oxidizing enzymes, this compound did not appear to inter- 
fere with the test. 

Wlien green vanilla beans xvere tested by the above method for 
oxidase activity, it was found that no color change resulted even 
after several houi's. Of many samples run, only one, otherwise indis- 
tinguishable from the others, showed low activity. Sections of large 
blossom-end-yellow beans showed medium activity in the blossom 
end, but the middle section of the same bean 'was iixactive. The yellow 
blossom end of small beans also tested negative. 

Grushed green beans killed by immersing in a tube held in water 
at 65° C. for 3 minutes tested inactive after 1 day. However, beans 
with yellow and brown blossom ends, killed by freezing, showed high 
activity after 1 day. With these beans positive resiilts were obtained 
when the catechol was omitted from the reaction flask, because the 
enzyme was sufficiently active to act upon the substrate present in the 
tissue. The tissue of the brown section, showed high activity and that 
of the blossom-end-yellow section, medium activity. 

Using bean tissue that showed no activity without the presence of 
catechol, some tests were made for specificity of the oxidizing enzyme. 
When tyrosine was substituted for catechol no action resulted. The 
contents of the flask took on a reddish cast. The addition of tyrosine 
to a suspension of crushed bean gave a black color after 1 day, indi- 
cating that vanilla has some tyrosinase activity. With a mixture of 
m-, and y-cresol in place of catechol the activity of vanilla enzymes 
was medium. When these enzymes acted upon added vanillin as the 
substrate the activity was again medium. 
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To determine wlietlier molecular oxygen was tlie acceptor iii the 
reactioBj tJie test was run on deaerated beans. A, flask containing 
several beans was repeatedly evacuated and filled with nitrogen about 
every 5 iiiiiiiites' for several hours, after which the beans were crushed 
with sand in a mortar in a box while nitrogen was streamed into the 
mortar. The bean tissue was transferred to the reaction flask con- 
taiiiiiig the solution previously boiled and then cooled in a nitrogen 
atmosphere. When the flask had been mounted, nitrogen instead of 
air was bubbled through and tests were made. After 30 minutes 
without results 50 mg. of vanillin were added. At the end of an 
additional 20 miiiutes without results, air was bubbled through, which 
produced positive results in 5 minutes. Upon repetition similar results 
were obtained. It is clear that molecular oxygen is necessary for tlie 
niaiii enzymatic forniation of qiiinone bodies in vanilla. 

For further characterization of the enzyme the effect of inactivators 
was studied. It was found that the reaction occuimed after 72 minutes 
in 0.001 M. potassium cyanide. It was therefore reversibly inhibited 
by cyanide. Passing carbon monoxide at the rate of 4 cc. per second 
with air inhibited the reaction for several hours and developed a dark 
orange color similar to that brought about by the formation of a 
carbon monoxide-ferrous cysteine complex. Mercuric acetate, 0.001 
XI, also inhibited the reaction. When hydrogen sulfide was bubbled 
in with the air for 50 minutes, the reaction was inhibited; passing 
air through for 15 minutes after the hydrogen sulfide was shut off 
resulted in reaction. Whether the hydrogen sulfide reversibly inac- 
tivated the enzyme or whether it merely reduced quinones as fast as 
they were formed is not known. 

Copper sulfate and ferric phosphate were tried as activators. Both 
gave a more rapid reaction but the results with copper were vitiated 
by the fact that the copper sulfate alone liberated the iodine. The iron 
salt, on the other hand, did not oxidize the iodide in the receiver but 
was capable of oxidizing catechol and vanillin in the aerated flask 
in the absence of j)lant tissue. 

Tests for cytochrome oxidase by the “Nadi” reaction with p- 
diphenylenediamine and alpha-naphthol were positive for green beans 
both fresh and after killing in hot water and for brown beans killed 
by freezing. However, the test was negative for the latter type that 
had stood for 2 weeks. 

The presence of catalase in green beans was shown by the decrease 
of hydrogen peroxide brought about by the addition of crushed beans 
to a buffered solution of hydrogen peroxide at 0° C., after the method 
given by Sumner and Somers,® 

It appears from the foregoing observations that the exidizing 
enzymes in vanilla form a complex system capable of exidizing a 
variety of substrates including vanillin itself to quinone bodies and 
thence to condensed stable pigments. On the basis of the sensitivity 
to cyanide, the enzyme system appears to contain a heavy metai. 
Since it requires oxygen as an a^eptor and is inactivated by carbon 
monoxide, the main action of oxidation seems to be carried on by an 

SuMXER, J. B., and Somers, O. F, ohemjstry and methods of enzymes. 

pp.. Ulus. New York. 1943. (See p. 171.) 
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.oxidase rather than a pe,roxidase.' The manner in which this system 
should be controlled in order to obtain an opti,miim .cure of vanilla 
beans remains to be investigated. 

EFFECT OF INAOTIVATION OF THE ENZYMES 

Curing may be defined as indicated in the introduction. However^ 
for the purpose of clarifying thought, it should be stated that many 
curing processes are not entirely of one type or another. For example, 
vanilla curing, commonly considered to depend upon enzymes, may, 
at Imst in certain phases, be nonenzymatic. It is clear that during the 
early stages of curing^ enzymatic oxidation occurs and it has long been 
known that the cleavage of glucovanillin to glucose stnd vanillin is 
brought about by a hydrolytic enzyme. The importance of enzymes 
in the later stages of curing was not considered.* 

With this in mind, therefore, beans were autoclaved at various 
stages of the curing process to determine the quality of the resulting 
product. Autoclaving at 120° C. was calculated to destroy the enzyme 
system completely so that subsequent changes could be considered 
nonenzymatic in, nature. However, it -was found that although oxi- 
dase, catalase, and peroxidase activities were destroyed by autoclaving, 
a peroxidase activity later appeared again, at least to a certain extent. 
For this experiment, triplicate 250-gm. samples of vanilla beans 6 to 8 
inches lon^, with about % inch of yellow at the apical end, were killed 
by immersing three times for 10 seconds at 30-second intervals in hot 
water (80°). They were then sweated at 45° until flexible and dried 
at room temperature to 28,6 percent of the fresh weight. The sam- 
ples were conditioned at I'oom temperature in closed boxes. Groups 
of samples were autoclaved at the following stages : Immediately after 
killing, 2 days after killing, at the end of the sweating, and at the 
beginning of conditioning. At the beginning of the experiment, f resli 
weights and the moisture content were determined and during the 
experiment, data on weight, color, aroma, and mold were obtained. 
At each stage the activities of oxidase, catalase, and peroxidase were 
measured. 

The controls became dai'k brown and oily after killing. During 
drying they became more sticky and developed some vanilla aroma. 
During conditioning the stickiness subsided and the vanilla aroma 
became more developed. Before killing some catalase activity was 
found, but after killing none could be shown. Likewise, oxidase, al- 
though it is known to be impoitant, was not evident after killing, A 
high peroxidase activity was noted in the fresh beans. If the value of 
peroxidase activity of fresh beans is taken as 100 percent, the activity 
in the controls rose to 115 after killing; 2 days later, 133; dropped to 
94 after sweating, and I’ose to 270 at the beginning of conditioning. 
After about 2 months’ conditioning the activity was 400 percent of that 
of the fresh beans. 

The samples autoclaved after killing stayed green for several weeks 
and finally became greenish yellow. They were oily, flaccid, and dried 
the most rapidly of all the samples. During drying the sticky resin 
became harder and the beans took on a burnt fermented aroma unlike 
the aroma of vanilla. The same properties were noted during con- 
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(iitioiiiiig except tliat tlie oiliiiess subsided and inold^ developed. _No 
vanilla aroma could be detected. The peroxidase activity dropped to 
11} pereeiit siiid was !20 at the beginning of conditioning. 

The beans autoclaved 2 days after killing were light brown, oily, and 
less flaccid in texture and less disagreeable in aroma than tliose auto- 
elaveci immediately after killing/ Upon drying, the^resiimiis oil 
hardened and some mold developed but was eradicated. After con- 
ditioning, the beans were neither oily nor sticky and did not develon 
a vanilla aroma. The peroxidase activity dropped from 133 to 16 
after autoclaving and then recovered to 36 at 12 days, 29 at 43 days, 
and after 3 months was again 16. 

The samples autoclaved 12 days after killing were more like the con- 
trols throughout the curing except that the vanilla aroma was not 
so well developed and the color was lighter brown. The peroxidase 
activity dropped to 9 percent of the original value upon autoclaving 
and then recovered to 16 at 43 days, and 12 percent at 3 months. 

The beans autoclaved 1 month after killing were similar in quality 
to the controls; they became dark brown, were not flaccid, and de- 
veloped a vanilla aroma which was as strong as that of the controls. 
The peiwidase activity dropped to 23 after autclaving and to 13 after 
2 months’ conditioning. 

Analyses showed that the controls contained 2.44 percent of vanil- 
lin, diy basis. Those autoclaved immediately after killing contained 
0.31 percent; 2 days after killing, 0.46 percent; 12 days after killing 
(the end of the sweating process), 1.54 percent; and 42 days after 
killing (beginning of conditioning), 1.99 percent. The extract of the 
beans autoclaved immediately after killing was light brown and, as 
the time of autoclaving after killing was increased, the color was 
darker. It was concluded that the main part of the hydrolysis of 
glucovanillin occurred during the first 2 weeks but that some hydrol- 
ysis took place during the early part of conditioning. Half of the 
glucovanillin was hydrolyzed during the first 9 days after killing. 

From the results obtained it appears that the principal changes 
brought about by enzymes occurred during the first 2 weeks of curing. 
Enzymatic transformations are important during killing and grad- 
ually become less so until, by the end of the s*weating period, enzymatic 
changes are unimportant. The fact that peroxidase, after being in- 
activated by autoclaving, appeared to recover to about the same extent 
in all of the treatments, indicates that this activity is probably not re- 
sponsible for changes subsequent to sweating. This is also indicated 
by the fact that, although the peroxidase activity was exceedingly 
high in the controls and comparatively low in those Witoclaved 12 days 
and 43 days after killing, the vanilla characteristics were about the 
same in all cases. 

Presumably, then, since the enzymatic changes take place during the 
first few days of curing and since the principal development of vanilla 
aroma occurs during the conditioning, a considerable part of the cur- 
ing process must be nonenzymatic. 

It was also found that oxidase, as well as peroxidase, “came back.” 

®“Mycoban” f sodium propionate) ^ either in saturated alcoholic solution or as 
a powder, has been found to be rather effective in eradicating mold on vanilla. 
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This was shown by autoclaving two samples of - cut beans, after which 
one was kept sealed while the other was exposed to air but not enough 
to allow it to dry. After 2 weeks the pieces exposed to air began 
to brown but those sealed remained green. ■ After 6 months the ex- 
posed sample had a weak, sweetish aroma, not like vanilla, while the 
sealed sample was still green. Therefoi^e, although recovery of 
oxidase could not be shown by a direct measure of oxidase activity, 
the foregoing observations shovred that an apparent “rejuvenatior?^ 
occurred. 

In the light of recent knowledge concerning nonenzymatic browning 
(Maillard reaction) the foregoing observations might be otherwise 
interpreted. The apparent rejuvenation was probably illusory in that 
the chemical reactions which indicated the activity of the enzymes 
may have occurred because of the chemical reactivity of products 
formed during the nonenzymatic browning reactions. Viewed in this 
manner, it may be said that no reactivation of enzymes occurred and 
further that, while the hydrolysis of glucovanillin and part of the 
coloration were due to enzymatic changes, a considerable part of the 
flavor development was clue to nonenzymatic processes. This experi- 
ment then suggests a starting point for further study of the relation 
between flavor development and the browning reaction. 

VACUUM INFILTRATION OF ENZYMES 

It is well known that an enzymatie step is involved in the hydrolysis 
of glucovanillin and in some of the oxidative changes that result in 
browning. An experiment was conducted, therefore, to learn more 
about the general nature of the enzyme system that acts in the curing 
process. Cut beans were autoclaved to inactivate the natural enzymes 
and were then infiltrated with crude enzyme extracts of materials 
•whose enzymatic character is known to some extent. The products 
were then cured and the results noted. 

For this purpose 150-gm. samples of blossom-end-yellow vanilla 
beans cut to 5-mm. slices were autoclaved for 5 minutes at 120° C. 
An untreated sample was also prepared wdiich was killed by heating in 
an oven at 60° for 1 day and then sweated until the pieces lost turgidity 
and became brown. After drying at room temperature to 28.6 percent 
of the original weight, the control was conditioned in a closed jar. 
Immediately after autoclaving and cooling the samples to be treated 
were covered with an extract of the enzyme to be infiltrated and placed 
in a vacuum chamber. Upon evacuation to 4 cm. pressure, the air 
in the cells of the plant tissue bubbled out. The vacuum was released 
about 5 minutes after bubbling ceased and, as air entered the chamber, 
the cells filled up with the exti'act in which the pieces were submerged. 
After a half hour the infiltrated pieces were drained and cured in the 
same manner as the control. 

The enzyme extracts were prepared as follows: One-lialf percent 
yeast extract was made by mixing brewer’s yeast with water in a 
Waring Blender for 10 minutes. The suspension was then centrifuged 
for 10 minutes, the precipitate rejected, and the clear liquid containing 
the enzyme was used. A %-percent solution of emulsin was preparecl 
in the same manner^ 
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To make the oxidase solution 1 pound of frozen musliroom, AgaHcm 
€am>pestris^ was passed tliroiigli a food^ chopper into 2 volumes of cold 
acetone chilled with dry ice 'to precipitate the enzyme and wash out 
the natural substrate and coloring matter/ It ivas^filterecl innnedi- 
ately and the pulp frozen for 2 hours with dry ice after which it was 
broken lip with 600 cc, of water containing a drop^ of concentrated 
aiiinioiiium hydroxide. The filtrate from this contained the enzyme. 

Vanilla enzyme was prepared in the same inamier, using vanilla 
beans instead of mushroom. 

The peroxidase extract was prepared by grinding 1 pound of frozen 
turnips several times through a food chopper and then squeezing the 
juice through cheesecloth. One gram of purified diatoniaceous earth 
was added for each 100 cc. of juice and the suspension filtered after 
10 minutes through paper on a Buchner fiimiel containing a layer 
of filter aid. The liquid which contained the enzyme was clear yellow. 

The enzyme activities of the preparation are given in table 1. 

Table 1 . — Activities of enzyme preparaiions used for vacimm infiUration of 

vanilla 


Source ' ; 

Peroxidase 

Oxidase 

Vanilla—, - J 

Medium 

High. 

None. 

Yeast. ! 

None - 

Emulsin,.- - j 

do - 

Do. 

Mnsiurooni 

Low 

High. 

None. 

Tarnip - --I 

High 

i 

■ 


The vanilla samples were infiltrated with extracts representing a 
like amount of the other plant materials. This experiment was 
carried out twice because, in the first run, oxidation took place in the 
autoclaved samples and considerable mold appeared. However, the 
i*esults were similar in both trials. The results are summarized in 
table 2. 

It is clear from the results that, after the natural vanilla enzymes 
were inactivated, infiltration with an oxidase preparation gave a 
product that resembled the ordinary cured vanilla more closely than 
did the products obtained by using other enzyme preparations. In 
samples treated with oxidase diluted with other enzymes the product 
was poorer. This experiment further eonfii'ms the conclusion that an 
oxidase is responsible for most of the enzymatic oxidizing action in the 
development of vanilla aroma that occurs during curing. 

SUMMARY 

The nature of the process of vanilla curing is discussed. 

The oxidase system in vanilla was briefly investigated. 

The activities of the oxidase, peroxidase, and catalase during curing 
were measured and it was concluded that the main enzymatic change is 
due to an oxidase system. 


Millek, W. H.,. Mallette, M. F., liLOTB, J. R., and Dawson, C. R. a new" 

METHOD FOE THE MEASUBEMBNT OF TVEOSINASE CXTECHOLASB ACTIVITT. II, 

CATECHOLASE ACTIVITY BASED ON THE INITIAL REACTION VELOCITY. AmOr. Chem 

Soc. Jonr. 66 : 514r-519. 1944. 
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Table 2,- -Results of vacuum mflltration of autoclaved vanilla beam with some 
crude enzyme extracts of other materials 



Enzyme 


Result 


Source 

Nature 

Color 

Aroma 

Remarks 

Gontrol. 


Dark brown 

Prunelike vanilla . - . 


Control L-- 


Greenish brown 

Weak acid 

No cure. 

Vanilla 

Glucosidase, oxidase, 
peroxidase. 

Dark brown and dark 
green. ! 

Weakacid, some sweet i 
note, no vanilla. 

Moldy. 

Water 

Greenish brown 

Weak acid 

No cure. 

Yeast. 

Alpha-glueosidase , _ . 
Beta-glucosidase 

Dark brown 

Acid, no vanilla 

Moldy, 
i Poor. 

Emulsin-.. 

Dark brown outside 
and yellow inside. 

Acid| no vanilla 

Mushroom . 

Oxidase 

Dark brown 

Prunelike vanilla 

Weaker than control.' 

Turnip 

Peroxidase . ..... 

Dark brown. 

Acid 

Poor. 

Mixture 

Oxidase-peroxidase. . 

Light to dark browm.. 

Acid, slight vanilla 

Not so good as con- 
trol. 

Mixture 

Emulsin-oxidase 

Light to dark brown. . 

Pruneliko vanilla 

Weaker than cton- 
troL 

Mixture 

Emulsin-peroxidase . 
Emulsin-peroxidase- 
oxidase. 

Dark brown T 

Acid 

Poor, 

Mixture 

Light to dark brown. . 

Prnnelike, slightly 
acid. 

Not so g«xl as con- 
trol. 

Mixture 

Yeast-emulsin 

Light to dark browm.. 

Acid, slightly sweet, 
no vanilla. 

Poor. 

Mixture 

Yeast-oxidase 

Light to dark brown. . 

Prunelike vanilla 

Weaker than con- 
trol. 

Mixture.... 

Yeast-peroxidase 

Light to dark brown . . 

Acid 

Poor. 

Mixture 

Yeast-oxidase-per- 

oxidase. 

Light to dark browm. . 

Acid.... 

Poor. 

Mixture 

Yeast, emulsin, oxi- 
dase, peroxidase. 

Light to dark brown -- 

Acid 

, Poor. 

i 


I Autoclaved but not infiltrated. 

It was found that the main enzymatic changes occur during the first 
12 days of curing but the main develapment of flavor occurred after 
this time. A considerable part of the curing process appears to be 
nonenzymatic. 

Vanilla with inactivated enzjrme system was infiltrated with enzyme 
extracts of several types to find that an oxidase-type extract gave a 
product most closely resembling vanilla. 




QUALITY OP CURED VANILLA IN RELATION TO SOME 
NATURAL FACTORS 1 

By Merriam A. Jones and Gieda G. Vicente,^ chemist and coUaMraMnff chemist, 
respectinely, : Federal Experimental Station, OffiGe of Experiment Stations, 
VriMed States Department of AgricuUmre, Mayague^, F. R. 

INTRODUCTION 

DiiriBg the vanilla-curing season of 1945-46 studies were made for 
the purpose of correlating the quality of cured vanilla with several 
natural factors which, by their effects on the developing bean, might 
affect the quality of the cured product. For this work a standard 
curing and testing procedure was used so that the c|uality of the cured 
beans would depend only on the conditions under which they were 
grown and harvested. 

VARIATION OP QUALITY DURING SEASON 

The fruit of VamUa fragrans (Salisb.) Ames reaches its full size 
several months before it is ready for harvest. The time required 
for the full-sized pod to ripen for harvest varies to the extent that in 
Puerto Rico some pods are ready for harvest early in November, most 
are ready in late December and early January, while some are not ripe 
until February. The time at which the peak of the harvest season 
occurs varies somewhat from year to year, depending on climatic con- 
ditions. Also it is notable that the early beans are usually smaller than 
those that ripen later. Since it was considered probable that the time 
of the season at which the pods ripen might affect the quality of the 
cured product, some trials were made in which beans were harvested 
early in the season, at the peak of the season, and in late season. 
Beans were collected on November 3, December 27, and January 31, 
To insure a uniform degree of maturity, all beans were harvested 
when the blossom end was yellow. The location of the vanillery was 
near Mayaguez on Las Mesas at an elevation of 600 feet. 

Soon after haiwest the pods were wiped with a damp cloth and killed 
by immersing in hot winter (80'' C.) three times for 10 seconds at 30- 
second intervals. This was followed by sweating in an electric oven 
at 45° until the beans were flexible. They were then dried on drying 
racks at room temperature to one- third of fresh weight. Conclitioii- 
iiig was then carried out by storing in closed vessels at 45° for 2 months 
by which time the weight was one-fourth of the fresh weight. No 
mold developed on any of the samples. 


^ Received for publication January 3, 1949, 

® “Criteria for Testing Vanilla in Relation to Killing and Curing Methods,” and 
“Inactivation and Vacuum Infiltration of Vanilla Enzyme Systems,” are parts 
of this same series and are imblished in the Journal of Agricultural Research, 
voh'TS, no.;!!.'": , , 
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The beans harvested early in the season were to i V 2 inches long 
with most of them about 5%. The moisture content was 80.07 percent. 
During sweating and dr 3 dng a strong vanilla aroma developed which 
was considered very good. After the beans had been cond-itioned 
the aroma was even stronger and the beans were somewhat oily and 
black. In general^ the cured product resembled Mexican vanilla. No 
vanillin crystallized on the surface of the beans. 

The beans harvested at the height of the season were 8 to 9 ¥2 inches 
long and averaged 74.48 percent moisture. During sweating pd dry- 
ing the product developed a slight vanilla aroma accompanied by a 
sweetish note. The aroma lacked strength and was definitely inferior 
ill quality to that of beans harvested early in the season. During con- 
ditioning the aroma improved but still lacked strength. The beans 
were shiny and oily which gave them a pleasing appearance although 
they were somewhat light in color. No vanillin crystallized on the 
beans. 

The beans harvested late in the season were 8 to 10 inches long and 
averaged 79,86 percent moisture. During the sweating and drying 
the samples developed a bouquet similar to that of the beans harvested 
at midseason. The aroma improved during conditioning. A con- 
siderable amount of vanillin crystallized on the surface of the beans, 
which improved the appearance of the product, but otherwise there 
was little difference in aroma and appearance of these beans and those 
harvested at midseason. 

The moisture and vanillin contents of the cured products are tabu- 
lated in table 1 . 


Table 1.— Moisture and vanillin contents of cured vanilla harvested at different 
times of the harvesting season 


Harvesttime 

Moisture 

Vanillin 12 

Early, Kov. 3 . . 

Percent 
21.37 
27. 61 
26.82 

Percent 

2.67 

3.59 

4.17 

Middle, Dec. 27 

Late, Jan. 31 


1 The vanillin content was calculated on the dry basis. 

2 Vanillin analyses were made according to the A. O. A. C. method. AssociatioI'T of Official AoRicnL- 
txjral Chemists, official and tentative methods of analysis. . . . Ed. 5, 757 pp., illus. Washing- 
ton,!). C. 1940. (Pp. 320-321.) 

Extracts representing equal amounts of dry vanilla ■were prepared ^ 
and compared by a method recommended by Gnadinger/ This 
method consisted of diluting the extract with 19 parts of water to 1 
part of extract. According to this test beans harvested early in the 
season had a stronger vanilla flavor than beans harvested later in the 
season. Concoctions containing 1 cc. of extract in 50 cc. of milk -were 
also tested with the same results. 

®The method used for the preparation of extracts was outlined in the first 
paper of this series, published in the Journal of Agricultural Research, vol. 78, 
no. 11. 

‘ Gnadixgeb, C. B. VANinnA. 60 pp. Minneapolis, Minn. 1929. 
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From these results it appears that beans harvested early in the sea- 
son, although smaller and lower in vanillin content, cure to a superior 
product as j udged by aroma and flavor. 

EFFECT OF MATURITY OF VANILLA ON QUALITY OF CURED 

PRODUCT 

In previous work at this station it was shown that beans harvested 
when the blossom end had turned yellow gave a cured product superior 
in aroma and in vanillin content to that from beans harvested entirely 
green. In other work beans harvested after they had turned brown on 
the vine were shown to give a cured product higher in vanillin than 
the product from green beans but lower than that from blossom-end- 
yellow beans. Because of these observations it is recommended that 
vanilla be harvested when the blossom end is light yellow and before 
splitting begins. Split beans are discounted on the market although 
some claim that the split pi*oduct yields a superior extract. The work 
was repeated with beans picked at several stages of maturity: (1) 
Entirely green, (2) blossom end yellow, (3) blossom end brown, and 
(4) entirely chocolate. The beans used were grown in a vanillery 
on the station grounds. 

During sweating the beans harvested green developed a slightly 
fermented aroma which disapeared during drying, v anilla aroma 
was faint but improved during conditioning and was acompanied by 
a sweetish note. However, the vanilla aroma did not become so strong 
or as true as that of a high-quality cure. The beans were dull light 
brown with a gummy texture. It was clear that vanilla should not be 
harvested at this stage of maturity. 

The samples harvested with the blossom end yellow gave a good 
cured product, dark brown, oily, and with a pleasing vanilla bouquet. 

Those harvested with the blossom end brown developed a fruity 
aroma which was agreeable but lacking in true vanilla character. 
Later the aroma became fragrant and similar to that of beans killed 
by scratching. Most of the beans were split. Much vanillin crystal- 
lized on the surface of these beans. 

Beans harvested when brown cured to a product with an aroma 
vsimilar to but weaker than that of the beans harvested with the blos- 
som end brown. There was profuse vanillin crystallization on these 
beans. 

Extracts were prepared and vanillin analyses made. The data are 
given in table 2, 


Table 2. — Analyses of mnilla l>eans harmstea at several stages of mattirity 


stage of maturity whea har¥est;ed. 

Moisture content 

Vanfflin, 
dry basis 

Vresb 

Cured 

Oreea _ 

Percent 
82.14 
80.47 
67.05 
59. 07 

Percent 
33.92 
24.12 
22.76 
12.62 1 

Percent 

2.86 

3.50 

3.79 

3.40 

Blossom end yellow, - 

Blossom end brown - 

Browm^ . _ - ; 
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From the figiires presented in the. table it appears that the best 
Yanilla obtained from beans harvested when the blossoiipend is 
This corroborates ' data obtained in previous experirae,iits. 

ALTITUDE OP PLANTING AS A FACTOR IN QUALITY OF CURED 

VANILLA 

Among the iimiiy possible factors that might affect the quality of tlie 
cured product is the altitude at whicdi the vanillery is located. Tem- 
perature apparently has something to do with the time of bean set ; 
hence, it is possible that an altitude effect due to temperature difference 
could determine to some extent the quality of cured beans. In a pre- 
liminary eff*ort to measure the effect of altitude on the quality of cured 
yaiiilla, an experiment was made in which vanilla beans were harvested 
from vaiiilleries at several altitudes. No final evaluation is possible 
at this time because in this experiment there were several other differ- 
ences aiiiong the samples beside those due to altitude alone. 

Beans w^ere harvested when the blossom end was yellow and cured 
by the process outlined previously. Samples were obtained from tlie 
following locations and altitudes: Mayaguez, 80 feet altitude; Las 
Mesas, 600 feet; Morovis, 700 feet; and Castafier, 1,800 feet. 

During the sweating phase of the curing, beans from Mayaguez 
developedya strong vanilla aroma which persisted throughout the 
process. The product was oily, shiny, dark in color, and possessed a 
very good aroma and appearance. 

The samples from Las Mesas, although they appeared to be the best 
beams when fresh, did not develop a full vanilla aroma upon curing. 
The character of the aroma was faint and had a sweetish note. The 
bea3is were somewliat oily and lighter in final color than those from 
Mayaguez. 

Beans harvested at Morovis developed an appearance and aroma 
characteristic of beaxis harvested entirely green. They were clull, light 
brown in color, not oily, and gummy in texture. Only a slight vanilla 
aroma developed. 

The Castaner product developed a suave vanilla aroma with a sw'eet- 
ishiiote during the sweating. There was also a foreign, somewhat 
flowery odor present. After conditioning, the beans had a good vanilla 
aroma ydiich was not so strong as that of the beans from Mayaguez. 
No vanillin crystallized on the surf ace of any of the samples. The data 
on beaus from different altitudes are prosented in table 3. 


TA.BLE of vanilla hems harvested at several altitudes m Puerto 'Rico 


. '.nseatioa ' , , , . ■ . ■; 

Elevation 

Moisture content 

Vanillin 
content, 
dry basis 

Fresh 

Cured 


Feet 

80 

Percent 

Percent 

Percent 

3. 79 

Ijas.Mesas — 

600 



.Morovis--.-,.----^..,..-...,,-.... . ■ 

I 700 

8L 58 i 

7si CO ! 


.3. 45 
2.9(i 

CastaAei*.. 

1 800 

■ 21.97 



1 

30. 85 

8* i 5 
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Extracts prepared from these beams were tested in milk and in water 
and ranked as follows in decreasing order of quality: Mayaguez, Cas- 
taherj Las Mesas, Morovis. 

From this experiment it appears that any effect that the altitude 
at which the plant grows may have on vanilla quality was masked by 
other factors such as soil, mulch, or rainfall distribution. 

QUALITY OF VANILLA FROM DISEASED PLANTS 

Another factor that might be expected to determine, at least to 
some extent, the quality of vanilla beans is the state of health of the 
plant. It is knovui that the quality of many fruits is influenced by 
the vigor of the plant. Although vanilla root rot is a localized dis- 
ease, it causes general wilting of the plant and ultimate death. There- 
fore, it was considered possible that beans from plants with root rot 
might differ in the quality of the cured product from those ginwn on 
healthy plants. 

To test this hypothesis duplicate samples of beans were collected 
from 16 plants^ 8 of which were healthy and 8 of which were suffering 
from root rot. The beans from healthy plants were 1% to 9 inches 
long. The samples cured by the procedure outlined in the first section 
appeared to be similar, and no differences in aromatic qualities could 
be detected. Both lots had good vanilla character. There was no 
vanillin crystallization or mold development on any of the samples. 
The analytical data are given in table 4. 


Table Analyses of vanilla beans from healthy and from diseased plants 


state of health of plant 

Moisture content 

Vanillin con- 
tent, dry 
basis 

Fresh 

Cured 

Healthy ' 

Percent 
■ .■78.64 
80.22 

Percmt 

33. '38 : 
36.56 

Percent 

■,3.'45' 

Diseased* _ . 



Extracts of these samples were tested organoleptically in water and 
in milk with the result thaffno differences in flavoring properties could 
be established. From these results it can be concluded that, although 
the effect of vanilla root rot is to decrease the quantity of beans by 
weakening the plant, the disease does not affect the quality of the cured 
product. 

SUMMARY 

Some experiments were made for the purpose of relating the quality 
of Clued vanilla with the conditions under which the plant was grown. 

It Was found that vanilla beans that ripened early in the harvesting 
season, although smaller than those that ripened later, gave a cured 
product of somewhat higher quality than those harvested at mid- 
season or late in the season. 

Beans were harvested at several stages of maturity and it was foimd 
that green beans cured to an inferior product. The best cured vanilk- 
was obtained from beans harvested when the blossom end of the fruit 
was yellow.. 
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From tile figures presented in the table it appears that the best 
Yaiiilla is obtained from beans liarYested when the^ blossom niid is 
yellow. Tliis corroborates data obtained in previous experiments. 

ALTITUDE OP PLANTING AS A FACTOR IN QUALITY OF CURED 

VANILLA 

Among tlie many possible factors that might a if eet the quality of tlie 
cured product is the altitude at which the vanillery is located. Tem- 
perature apparently has something to do with the time of beipi set; 
hence, it is possible that an altitude effect due to temperature difference 
could determine to some extent the quality of ciirecl beans. In a pre- 
liminary effort to measure the effect of altitude on the quality of cured 
vanilla, 'an experiment was made in which vanilla beans were harvested 
from vanilleries at several altitudes. No final evaluation is possible 
at this time because in this experiment there were several other differ- 
ences among the samples beside those due to altitude alone. 

Beans were liarvested when the blossom end was yellow and cured 
by the process outlined previously. Samples were obtained from the 
following locations and altitudes: Mayaguez, 80 feet altitude; Las 
Mesas, 600 feet; Morovis, 700 feet; and Castaher, 1,800 feet. 

During the sweating phase of the curing, beans from Mayaguez 
developed a strong vanilla aroma wliicli persisted throughout the 
process. The product was oily, shiny, dark in color, and possessed a 
very good aroma and appearance. 

The samples from Las Mesas, although they appeared to be the best 
beans when fresh, did not develop a full vanilla aroma upon curing. 
The character of the aroma was faint and had a sweetish note. The 
beans were somewhat oily and lighter in final color than those from 
Mayaguez. 

l5eans harvested at Morovis developed an appearance and aimma 
characteristic of beans harvested entirely green. They were dull, light 
brown in color, not oily, and gummy in texture. Only a slight vanilla 
aroma developed. 

The Castaher product developed a suave vanilla aroma with a sweet- 
ish note during the sweating. There was also a foreign, somewhat 
flowery odor present. After conditioning, the beans had a good vanilla 
aroma which was not so strong as that of the beans from Mayaguez. 
No vanillin crystallized on the surface of any of the samples. The d ata 
on beans from different altitudes are presented in table 3. 


Table 3, — Analyses of xmnilla leans fiarmsted at several altitudes in ■■Pti-erto Rico 


Location 

Elevation 

Molsiure content 

Vanillin 
content, 
dry basis 

Fresh ! 

Oured 

Maya^ez-„ , 

r ■ Feet 

Percent 

Percent 

Percent 

80 

77. 07 

25.50 

3. 79 
3. 45 

Ltis Mesiw 

600 

81. 26 

36.06 

Morovis,., 

; 700 

' 81.58 

21.97 1 

2. 96 

Castaner 

1,800 

78- 82 

30.85 

3. 75 
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Extracts prepared from these beams were tested in milk and in water 
and ranked as follows in decreasing order of quality; Mayagiiez, Gas- 
taner, Las Mesas, Morovis. 

From this experiment it appears that any effect that the altitude 
at which the plant grows may have on vanilla quality was masked by 
other factors such as soil, mulch, or rainfall distribution. 

QUALITY OF VANILLA FROM DISEASED PLANTS 

Another factor that might be expected to determine, at least to 
some extent, the quality of vanilla beans is the state of health of the 
plant. It is known that the quality of many fruits is influenced by 
the vigor of the plant. Although vanilla root rot is a localized dis- 
ease, it causes general wilting of the plant and ultimate death. There- 
fore, it was considered possible that beans from plants with root rot 
might differ in the quality of the cured product from those grown on 
healthy plants. 

To test this hypothesis duplicate samples of beans were collected 
from 16 plantSj 8 of which were healthy and 8 of which \rere suffering 
from root rot. The beans from healtliy plants were l}i to 9 inches 
long. The samples cured by the procedure outlined in the first section 
appeared to be similar, and no differences in aromatic qiialities could 
be detected. Both lots had good vanilla character. There w^as no 
vanillin crystallization or mold development on any of the samples. 
The analytical data are given in table 4. 


Table 4. — Analyses of vanilla beans frojn healthy and from diseased plants 


state of health of plant 

Moisture content j 

Vanillin con- 
tent, dry 
basis 

Fresh 

Cured 

Healthy., . ... 

Percent 

78. 64 
80.22 

Percent 
3S,38 
36. 56 

Percmi 
, 3.46 
■2.97 

Diseased. ... ... - 



Extracts of these samples were tested organoleptically in water and 
in milk with the result thaffno differences in flavoring properties could 
be established. From these results it can be concluded that, although 
the effect of vanilla root rot is to deci'ease the quantity of beans by 
weakening the plant, the disease does not affect the quality of the cured 
product. 

. SUMMARY 

Some experiments Axere made for the purpose of relating the quality 
of cured vanilla with the conditions under which the plant was grown. 

It Avas found that vanilla beans that ripened early in the harvesting 
season, although smaller than those that ripened later, gave a eured 
product of somewhat higher quality than those harx^ested at mid- 
season or late in the season. 

Beans xxere harvested at several stages of maturity and it AA^as foimd 
that green beans cured to an inferior product. The best cured vanilla 
was obtained from beans harvested when the blossom end of the fruit 
was'yellow. , 
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As far as could be determined,, the altitude of the vanilleiy^at which 
the beans were harvested did not have any effect on the quality of the 
cured beans. If any differences due solely to altitude were present, 
they were masked by other factors. 

Beans from diseased plants were about the same in final quality as 
those from healthy plants, but those from diseased plants were some- 
what smaller. 



RATE OF DEVELOPMENT OF CALIFORNIA RED SCALES 
RESISTANT AND NONRESISTANT TO HYDROCYANIC 
ACID GAS, AS AFFECTED BY TEMPERATURE ^ ; 

By Francis Munger 2 

Assistaiit Entomologist^ Division of Fruit Insect Investigations, Bureau of Entomology 
and Plant Quarantine, Agricultural Research Administfationj United Mates 
Department of Agriculture 


INTRODUCTION 

The rate of development of the California red scale {Aonidielhi 
aurantii (Mask.)) in California has been discussed by Quayle^ and by 
Bliss, Broadbent, and Watson.^ Their work was done before the 
genetic basis of differences in resistance to hydrocyanic acid gas had 
been established by Dickson ^ and Yust et al.® In previous work 
the writer ^ found no differences in reproduction and mortality between 
resistant and nonresistant scales. Studies on the rate of development 
of the same two strains were then made to determine whether there 
were any differences that might affect the relative growth rates of 
populations of the two strains in the field. 

METHODS 

The methods of handling and rearing the insects were similar to 
those described by Hunger,^ The periods measured were the first 
instar of both males and females and the second instar and the third 
stage of the females. The third stage included the peidod from com- 
pletion of the second molt to production of the first young. The 
development of the males was not followed after they became rC' 
cognizable as such in the second instar. 

1 Received for publication May 10, 1948. 

2 Tbe author is indebted to A. W. Cressman, for advice and criticism. 

2 Quayle, H. J. the bed or orange scale. Calif, Agr. Expt. Sta. Bui. 222, 
pp. 99-150, ilius. 1911. 

^ Bliss, C. L, Broabbent, B. M., and Watson, S. A. the life history of 

THE CALIFORNIA RED SCALE, CHRYSOMPHALUS AURANTII MASKELL:. PROGRESS 

REPORT. Jour. Econ. Ent. 24: 1223-1229, illus. 1931. 

5 Dickson, R. C. inheritance of resistance to hydrocyanic acid fumiga- 
tion IN THE CALIFORNIA RED SCALE. Hilgardia 13: 515-521, illus. 1941. 

® Yust, H. R., Nelson, H. D., and Busbey, E. L, comparative suscepti- 
bility OF TWO STRAINS OF CALIFORNIA RED SCALE TO HCN, WITH SPECIAL REFERENCE 

TO THE INHERITANCE OF RESISTANCE. JoUF. Econ. Ent, 36: 744-749, illus. 1943. 
2 Munger, F. reproduction and mortality of California red scales 

RESISTANT AND NONRESISTANT TO HYDROCYANIC ACID GAS, AS AFFECTED BY TEM- 
PERATURE. Jour. Agr, Res. 76: 153-163, illus. 1948. 
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EXPERIMENTAL RESULTS 

DEVELOPMENT AT CONSTANT TEMPERATURES 

111 the first experiment scales- were- subjected to a series of five 
constant tempera, tiires — 93.2°, 86.0°,^ 78.8°, 71.6, and 64.4° F./^ The 
extremes of temperature represented in this series were near the upper 
and lower limits' at which the life cycle could be completed. Because 
of the slow rate of development at 64.4°, observations for all stages 
at that temperature wnu*e made at -24410^ intervals.' Observations 
at the other temperatures \vere made at 12-hour intervals, except for 
the third stage, which were also made at 24-hour intervals. 

Six lemons were used for tests at each temperature. All the lemons 
were infested by the half-lemon technique at 78.8° F. over periods 
ranging from 60 to 90 minutes. Immediately after being infested 
they wmre placed in constant-temperature cabinets. On three lemons 
of each group the resistant strain was on the upper half, and on the 
other three it was on the lower half. The mid-infesting time was 
used as the theoretical beginning of the test. During the first instar 
60 scales on each half lemon were individually numbered with India ink. 
Inspections were started before any scales began to transform and were 
continued until the scales had either died or reproduced, or until the 
lemon had become hard or spoiled. Except for the time required to 
examine the scales, and for some minor irregularities in the control 
apparatus, the temperatures were held within ±0.9°. Continuous 
air circulation was provided by blowmrs or fans. All inspections were 
made at 78.8°, except for the scales subjected to 64.4°, which were 
examined at 59°“60.8°. Humidity Avas maintained in the chambers 
at approximately 68 percent for 64.4°, 56 percent for 71.6°, 60 percent 
for 78.8°, 44 percent for 86.0°, and 43 percent for 93,2°. 

During the inspections the lemons were removed from the cabinet 
one at a time. The examination of the scales on each lemon required 
approximately 7.5 minutes. Radiant heat from the microscope lamp 
during the examination was nearly eliminated by passing the light 
through a glass vessel containing copper sulfate in water. The color 
and appearance of the scale cover was used as the criterion of devel- 
opment. In preliminary work it was found that the end of the first 
instar of both sexes is marked by a rather definite change in the 
appearance of the scale cover. The yellow^ color becomes more 
orange, and the appearance suggests dryness and opacity. This 
change is associated with the separation of the scale body from the 
cover. The end of the second instar in the female is marked by a 
similar change in appearance, but the scale is much larger and the 
outline of the body can usually be seen to have drawn away from the 
cover. The inspections w^ere made under a magnification of 20.7. 

The appearance of crawlers under the cover was used as an inclox 
of reproduction. The crawlers were usually, but not always, visible 
through the cover. 

To check the uniformity of results in different generations, and to 
provide data at additional temperatures, a second constant-tempera- 
ture experiment was carried Out with a later generation of scales. 
Two new temperatures, 82.4° and 75.2° F., were used, and 78.8° was 
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repeated. The technique \¥as similar to that used in the first experi- 
ment, except that inspections were made at 24-hour intervals and the 
third stage was not measured. Inspections were made at temperatures 
approximating those in the cabinet. The results of these experi- 
ments are summarized in table 1. The values shown are averages 
for all the insects. 

Table 1.— Hours required btj red scales for completion of life stages at different 

constant temperatures 


FIRST EXPERIMENT 


Temperuture (°F.) 

First instar 

Second-instar 

female 

Third-stage 

female 

Complete de- 
velopment of 
females 

Male 

, 

Female 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

93.2... 

176 

189 

182 

179 

278 

262 

569 

550 

1,006 

980 

86.0 

186 

181 

194 

189 

251 

246 

444 

441 

885 

,873 

78.8 ! 

220 

221 

239 

228 

269 

270 

495 

491 

1,002 

989 

71.6 S 

344 

349 

361 

360 

443 

449 

831 

m 

1, 614 

1,621 

64.4 

604 

610 

622 i 

631 

787 

790 

1,497 


2, 8:17 


i 












SECOND EXPERIMENT 


198 1 

198 ; 

206 I 

1 

203 1 

250 

25:3 


1 


233 ' 

235 s 

249 

237 i 

293 

270 I 




277 1 

286 j 

298 

301 i 

1 

352 

349 1 





The data of the first experiment indicate that the nonresistant 
scales may grow a little more rapidly than the resistant scales at the 
higher temperatures and possibly slightly more slowly at the lower 
temperatures. However, the test at 86° F. was the only one showing 
a statistically significant difference (P=0.01) between the two strains 
in the time requiredito complete development. All the differences 
were very small. 

The analysis of variance of the data for 78.8° F. (the only tempera- 
txire common to the two experiments) showed a significant difference 
at the 1-percent level between the two experiments. .A.t that temper- 
ature scales in the second experiment required from 9 to 14 hours 
longer)^to complete the first instar than did those in the first experi- 
ment. The resistant female scales required •24 more hours to com- 
plete the second instar in the second experiment, but there was no 
difference in the nonresistant strain. There was also a significant 
difference between the sexes in the first instar; except for the non- 
resistant scales at 93.2°, the first instar in the males was consistently 
shorter than in the females in both experiments. 

Except where otherwise stated, 360 scales of each strain w'cre tested 
at each temperature in each experiment. The fate of all the scales in 
the two experiments is shown in table 2. 
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Table 2, — N’umher of red scales that attained various stages of development in 
constant-temperature experiments 


FIRST EXPERIMENT 


. TGm.perature 

e F.) 

Died in .first 
. .ill star 

Died in second 
instar 

, 

Males ill second 
instar 

Died in third 
stage 

Beproduced 

Res,ist- 

ant 

Nonre- 

sistant 

Resist' 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonrc- 

sistant 

64.4., 

37 

31 

184 

178 

45 

53 

82 

98 

12 

0 

71.6.... 

83 

67 

60 

56 

78 

95 

70 

68 

69 

74 

78.81,- 

121 

99 

10 

6 

113 

118 

8 

6 

108 

129 

86.0 

34 

32 

27 

17 

126 

148 

27 

16 

146 

147 

93.2,.. 

39 ; 

15 

52 

35 

95 

123 

153 

135 

21 

52 


SECOND EXPERIMENT 


75.2... 

' -50 i 

70 

78.8 

! 56 

40 

S2.4 .... 

42 

50 


85 

5() 

55 


73 

49 

55 


99 

126 

117 


103 

145 

95 


J Only 358 nonresistant scales were used at tWs temperature. 

In the first experiment the mortality of the first-instar scales 
appeared rather high, but it was followed by a low mortality in the 
second instar. Between 64.4° and 86° F. the number of females that 
survived to reproduce increased with increasing temperatures. More 
of the resistant females produced young at 64.4° and more of the 
nonresist ant reproduced at 93.2°; otherwise there was little difference 
in survival of the two strains. In the second experiment no large 
differences in mortality occurred between the strains. At 78.8° fewer 
scales died in the first instar than in the first experiment^ but there 
was a correspondingly higher mortality in the second instar. 

DEVELOPMENT AT FLUCTUATING TEMPERATURES 

Two experiments were made to determine the relative rate of 
development of the two strains of the California red scale under 
fluctuating temperatures. The first experiment was designed to 
represent the general range of moderate spring and summer temper- 
atures. The scales were exposed to temperatures that fluctuated 
uniformly between a minimum of 64.4° F. at 5 a. m. and a maximum 
of 86° at 5 p. m. each day. Inspections were made at 12-hour intervals 
for the first and second instars and at 24-hour intervals for the third- 
stage female. 

The temperatures for the second experiment, representative of high 
summer temperatures which may occur in interior California, were 
selected from the thermograph records of Corona over a 7-week 
period from July 8 to August 26, 1935. The records for this period 
were transcribed to the reproducing element of a variable thermostat 
in order to recreate the same conditions in the laboratory. In this 
period 35 days had a minimum’ of less than 60° F. In 11 days the 
minima ranged from 47.5° to 50°, Twenty days had a maximum 
of more than 100°, and on 7 days the maximum temperature ranged 
from 105.1° to 107.8°. Inspections were made at 24-hour intervals. 
The second molt of the scales was completed, but no reproduction 
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occurred witMn tlie 7-week period. The fii-st 4 weeks of the program 
were then repeatedj after which the lemons were transferred to a 
constant temperature of 77° for the. last 5 days of the, experiment. 
During the developmental period of the scales the lemons were in 
good condition, but near the end of the experiment they were beginning 
to harden. In each progi'am 360 scales of each strain were tested. 

The results of these experiments are shown in table 3, 


Table 3. — Hours required for development of red scales in 2 fluctimimgdemperaiure 

programs 


Stage and sex 

64.4° to 86° F. 

Corona high-temper- 
ature progra.,m 

Eesistant 

Xonre- 

sistant 

Eesistant 

Nonre- 

sistant 

First-instar male - 

299.6 
319.1 

361.6 
694.4 ^ 

1,366.0 

296.5 
303. 0 
349.3 
676.9 
1,321-1 

369. 5 

366.8 
455.4 

767.8 
1,588.5 

354.8 
360.7 
456.6 
758.1 
1, 570. 7 

First-instar female. 

Second-instar female - 

Third-stage female 

Complete development of females 


In the experiment at moderate temperatures the resistant scales 
required about 45 hours more than the nom^esistant scales to complete 
their development, a difference that was possibly significant (P=0.05). 
In the other experiment with a wider range of temperatures the differ- 
ence between strains was not significant. 

The fate of the scales in the experiments at fluctuating temperatures 
is shown in. table 4. 


Table 4 —Number of scales that attained various stages of development in 2 fluctu- 
ating-temperature programs 


Fate of sci^les 

64.4° to 86° F. 

Corona high-temi>«^r- 
ature program ' 

Eesistant 

: Noiire- ■■ 
i sistant 

Resistant 

Nonre- , 
sistant ■ 

Died in first instar 

55 

63 

39" 

37 

D ied in second instar - 

86 

64' 

35 

30 

Distinguishable as males in second instar— 

97 

114 

115 

122 

Died in third stage without reproducing 

22 

14 

21 

24 

Reproduced 

101 

105 

i 

150 

147 


There was no apparent trend in the mortality of the scales in the 
two experiments. The numbers that reproduced were nearly equal. 

DISCUSSION 

In these experiments the differences between strains, if any, were 
very small and were not conclusively demonstrated. The largest 
difference observed was about 3 percent of the total period. Such 
differences, if occurring consistently, would require a long period of 
time to have much biological effect on the population and seem 
unimportant relative to the selective action of hydrocyanic acid gas 
that has been demonstrated in fumigation of mixed populations. 
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Tlie records on iiiortality in these experiments, as well as the^more 
extensive data- reported earlier,® have not shown any consistent 
differences between strains.' ■ 


SUMMARY 

■The rate of development of strains of the California red scale 
(Mfiidiella mj/rauiM (Mask.)) resistant and nonresistant to hydro- 
cyanic acid gas has been studied under constant temperatures ranging 
from 64.4° to 93.2° F. and under two fluctiiating-temperatiire pro- 
grams. One fluctiiating-temperature program, representing moderate 
spring and summer conditions, ranged from 64.4° to 86°; the other, 
representing hot interior California conditions, ranged from 47.5° to 
107.8°. In two of the tests (64.4° to 86° fluctuating and 86° constant) 
small differences w^ere detected between the strains. There were no 
statistically significant differences at other temperatures, but there 
was a suggestion that a slight difference may exist between the strains. 
The resistant scales may develop less rapidly than the nonresistant 
scales at high temperatures and perhaps more rapidly than the latter 
at low temperatures. 

In the constant-temperature experiment a small but significant dif- 
ference in the rate of development of scales of two generations was 
found. 

In the range of temperature from 64.4° to 93.2° F. the number of 
females that survived to reproduce increased with increasing tempera- 
tures. A larger number of resistant than nonresistant females pro- 
duced young at 64.4° and larger number of the nonresistant females 
reproduced at 93.2°. 

In the fluctuating-temperature experiments there was no apparent 
difference in mortality between the strains of scales. In the two 
experiments the numbers of scales that lived to reproduce were nearly 
equal. ■ 


Seo footnote 7, p. 45i . 



GROWTH OF FIEST-GENERATIOR CROSSBRED DAIRY 

CALVES^ 

By II., A. Hildee, assoGiate dairy Jmshandman, and M. H. Fohrman, head, Dlmsian 
of Dairy Cattle Breeding, Feeding, and Management, Bureau of Dairy Industry, 
Agricultural Research Admimstration, United States Departmen t of Agriculture 


INTRODUCTION 

One of the chief questions of interest in all cross-breeding investiga- 
tions is whether or not the crossbred progeny will exhibit any evidence 
of heterosis, or so-called "diybrid vigor.” In view of the fact that 
heterosis, as indicated by the increased rate of growdh of the progeny, 
has been obtained by crossing breeds in some other kinds of livestock, 
it might reasonably be exjiected that crossing the dairy breeds would 
produce similar results. This paper presents an analysis of the rate of 
growth of first-generation crossbred dairy calves as compared with the 
growth standards for piirebreds. 

EXPERIMENTAL PROCEDURES 

A cross-breeding project with dairy cattle was set up early in 193S) 
by the Bureau of Dairy Industry at the Agricultural Research Center, 
Beltsville, Md. The breeds involved are Holstein, Jersey, Guernsey, 
and Red Dane. Red Dane cattle rank next to Holsteins in size, mature 
cows weighing from 1,300 to 1,350 pounds. They are shorter legged, 
somewhat blockier, and have a tendency to be proportionately longer- 
bodied than the other dairy breeds. 

The following crosses have been made: Holstein X Jersey. Jersey X 
Holstein, Holstein X Guernsey, Holstein X Red Dane, Red Dane X Hol- 
stein, Jersey X Red Dane, Red DaneX Jersey, and Red Dane X Guern- 
sey. The first breed mentioned in each cross is that of the sire, the 
second that of the dam. Early in the experiment a few Jersey X 
Guernsey crosses were made, but the crossbred progeny are too small 
in number to be considered in this analysis. Gnly in the Holsteiii X 
Jersey combinations are the numbers large enough for separate studies 
of the reciprocals. Unless otherwise stated the data are for female 
calves only. 

All crossbred calves in this study were I’aised by the same procedure 
as is used in raising calves in the breedmg herds at Beltsville, which 
isasiallows: , ' 

^Received for publieatiGn June 28, 1948. 
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Tlie feeding and iiiaiiagement of the calves conform to good dairy 
practice. ' The calves are separated from the dams shoi*tly after birth 
and are liaiid-fed. in small pens, "^^diole milk is fed for the first 4 to ^8 
weeks, depending on the vigor of the calf, after which skim milk is 
substituted. Skiiii-milk feeding is discontinued after 6 months of age. 
Starting at. about 3 weeks of age, the calves are fed alfalfa hay and a 
sinall aiiioimt of grain. The grain mixture consists of corn, oats, 
wheat bran, and linseed meal. The grain ration is gradually increased 
to a maximum of 3 pounds daily by the time skim-milk feeding is 
discoiitiiiiied- After 12 months of age the heifers are housed in a 
staiicliioii barn and, in addition to hay and grain, they are fed a small 
ration of corn silage in the winter and are pastured during the summer 
months. 

Every effort is made to insure the health of the calves. They^ are 
kept under close observation at all times, and any ailment is given 
prompt veteriimry treatment. 

Few of the male calves are retained in the experimental herds ; hence 
only their birth weights are available for consideration here. Monthly 
weights for the heifer calves are taken from birth, but the weights 
after 18 months wall not be considered here because the heifers are bred 
first at about 15 months of age and the effect of pregnancy becomes 
too much of a disturbing influence after 18 months. 

The measures of growth used in this analysis are the live weight 
and a set of five skeletal measurements as follows : Height at withers, 
width of fore chest, depth of fore chest, width of hips, anci the total 
length from the withers to the pin bones. Live weight is an average 
of the weight on 3 consecutive days, taken at intervals of 30 days, up to 
12 months of age. Thereafter, all heifers are weighed on the first 
clay of each month, this weight being used as the weight of the animal 
for the age unit nearest to the dates on which the weighings were made. 
The skeletal measurements are taken at 6, 12, and 18 montlis of age. 

For a number of years, these same measures of growth have been 
applied to the calves in the purebred Holstein, Jersey, and Eed Dane 
herds at Beltsville, From the resulting data, stanclards of weights 
and measurements have been calculated for use in making comparisons 
between the purebred calves and the crossbreds of these three breeds. 

A study of growth data from the Beltsville herds and of similar data 
gathered at other institutions makes it seem unsound to compare such 
data from one herd against growth standards calculated from other 
herds where conditions of feeding and management are somewhat 
different. For this reason, the only standards of growth used in this 
analysis are those developed from Beltsville data. 

Table 1 shows the standards of live weight for purebred Holstein. 
Jersey, and Eed Dane calves; and table 2 shows the standards of 
skeletal growth for these three breeds. 
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Table 1 . — Standards of live weight for purebred dairy calves 




Holsteins 



Jerseys 



Red Danes 


Age (months) 

An,i- 

mals 

Average 

weight 

Coeffi- 

cient 

of 

varia- 

bility 

Ani- 

mals 

Average 

weight 

Coeffi- 

cient 

of 

varia- 

bility 

Ani- 

mals 

Average 

weight 

Coeffi- 

cient 

of 

varia- 

bility 


Num- 

ber 

Pounds 

Per- 

cent 

Num- 

ber 

Pounds 

Per- 

cent 

Num- 

ber 

Pmmds 

Per- 

cent 

Birth 

229 

95.8±0.79 

12.53 

254 

55.2=y).46 

13.28 

49 

80. 8± 1.56 

13. 53 

1 

224 

118. 6d= .93 

11.72 

240 

7i.7=t .60 

12. 91 

48 

m.%± 2.16., 

14. 02 

2 - 

223 

159.4±1.42 

13.31 

235 

100. 3=i=l. 16 

17.67 

49 

144. 8=b 3.14 

15.18 

3 

22:i 

211.1=fcl.58 

11.15 

229 

136.9dbL21 

13. 38 

49 

192. 7=b 3. 71 

13.47 

4 -! 

222 1 

268.2±1.95 

10.84 1 

230 

178.6=tl.49 

12. 65 ^ 

49 

244, 7:1: 4. ^ 

12. ,24 

5,,,. 

221 1 

330.7±2.24 

10.05 i 

229 

226.3=bl.73 

11.58 i 

48 

298. t)± 6.12 

. 1,1.87 

(5 

218 1 

390.9=fc2.67 

10.08 i 

229 

275.1=fcl.94 

10. 65 

48 

350. 3d= 5.46 

10.80 

7 ' 

217 I 

449.1=fc2.90 

9.50 ■ 

224 

323. 2=1:2. 26 

10. 49 

48 

397. 6± 5.7S 

Q.m- 



216 

502. 7=fc3.39 

9.90 

221 

365.2=fc2.47 

10.06 

48 

mA.± 6.42 

8.58 

9,.- 

215 ; 

553. 6±3. 75 

9.92 

219 

404. 2±2- 67 

9.78 

48. 

4,79. 5=i= 5.67 

8.20 

10-.... -.-i 

211 1 

605.0d=3.88 

9.31 

217 

441.0=1:2.93 

9.80 

48 

620. 9=b 6.09 

8. 10 

11 : 

210 1 

654. 9±4.08 

! 9.03 

215 

477.4=t2.88 

8.84 

48 

559, 4±, 6.63 

8.21 

12 ...I 

213 i 

706. 2±4. 61 

9.31 

217 

513.4=fc3.31 

9.49 

47 

608. 2± 6. 61 

7.46 

13 - 

210 i 

735. 5d=4.81 

9.47 

211 

534.8d:3.36 

; 9.14 

43 

,643. 7d= 7. 75 

7. 89 

14 

210 i 

770. 5±4. 77 

8.98 

214 

556.5±3.57 

9.39 

43 

679. 9± 8.59 

8.29 

1A-... : 

209 

805.6=h4.81 

8.63 

212 

579.3=1=3.77 

9.49 1 

4,3 

720. 3=h 9.02 

8.22 

16...: 

206 

841.5=1=5.03 

8.58 

209 

606.5:fc4.04 

9.62 ! 

43 

: 753. 3i 9. 22 

8. 03 

17., 

206 

876.4:4:5.19 

8.50 

206 

631.2=1=4.33 

9.84 i 

4,1 

i 785.9dbl,0.10 

8 . 2:1 

18-- 

206 

913.5=1:5,51 

8,66 

205 

655.3:1:4.41 

9.65 

38 

824.7=fcl.0.53 

7. 87 


Table 2. — Standards of skeletal growth for piiredred dairy cadres 


Age, and item of 
measurement 


6 months: 

Height at withers — 
Width of fore chest - - 
Depth of fore chest... 

Width of hips. - 

Total length- 

12 months: 

Height at withers.. 
Width of fore chest. _ 
Depth of fore chest— 


f) months: 

Height at withers..., 
W idth of fore chest . . 
Depth of fore chest... 

Width of hips 

Total length 

12 months: 

Height at withers — 
W idt h of fore chest . . 
Depth of fore chest.. , 


C months: 

Height at withers. 
Width of fore chest. . 
Depth of fore chest 

Width of hips 

Total length 

12 months; 

Height at withers — 
Width of fore chest. . 
Depth of fore chest 


HOLSTEINS 


Ani- 

mals 

Average 

measure- 

ment 

Coef- 

ficient 

of 

vari- 

abil- 

ity 

Age, and item of 
measurements 

Ani- 

mals 

Average 

measure- 

ment 

Coef. 

ficient 

of 

vari- 

abil- 

ity 

Num- 


Per- 


Num- 


Per- 

her 

Centimeters 

cent 

12 months— Continued 

ber 

Centimeters 

cmt 

184 

101.8=b0.2;i ; 

3.02 

Width of hips | 

' 182 

40.0=fc0. 12 

4. 10 

184 

28.3±0.14 1 

6.58 

Total length ] 

172 

112. 9d=0.27 

3.12 

184 

46.9±0.14 ! 

4.12 

18 months: i 




184 

30. 5=1:0, 12 i 

5.10 

Height at withers 1 

173 

i 126.4=b0.22 

2.30 

172 

92.3=1=0.29 1 

4.11 

Width of fore chest. . . 

173 

! 40.7=1=0.19 

1 6. 19 




Depth of fore chest i 

173 

i 64. 5d=0. 16 

1 3.22 

182 

117.9±0.21 ' 

2.40 

Width of hips ; 

173 

‘ 45.7=fc0.13 , 

1 3.72 

182 

36. 4=1=0. 17 

6.20 

Total length ; 

163 

. 124.0^:0.30 

s 3. 04 

182 

58.2=1:0.14 

3.32 






JERSEYS 


193 

95.S=t0.24 

3. 48 

12 months— Continued 
Width of hips 

198 

36.3d=0ai 

4,.„10 

193 

23. 4=1=0. 14 • 

8,08 

Total length 

170 

106.0=1:0.24 

2.'97 

193 

193 

44.4=1:0.13 

27,4:b0.11 

4.09 

5.65 

18 months: 

Height at withers 

191 

, 117,2=1=0.20 

2..:31 

164 

87. 4=t=0. 09 

1.35 

Width of fore chest. ... 

191 ! 

34.4=h0. 17,..,i 

1 74 

198 

110, 0±0. 20 

2.67 

Depth of fore chest 

Width of hips 

191 

191 

1 60.8=b0.13 ! 
41. 2=1:0,. 13 : 

3.03, 

4.28 

198 

30. 8±0. 16 

7.17 

Total length 

165 

1 lL5.6d=0.27 

2. 99, 

198 

55. I=t0. 12 

2.94 


1 ' 



RED DANES 





12 months— Continued ! 





97,5±0.38 

2.95 

Width of hips i 

60 ; 

38.4=1=0. 19 

1 3.87 

68 

27.6d=0.21 

5.91 

Total length ; 

60 

107.3:i0.38 

j 2.74 

58 I 

46.8=1=0.21 

3.51 

18 months: 




58 

29. 9d=0. 20 

5.03 

Height at withers 

57 

118. 8=1=0. 36 

3.30 

58 

90.0d=0.50 

4.19 

Width of fore chest. . . 

57 

38.3:1=0.32 

6.25 




Depth of fore chest 

57 

61.6=1:0.24 i 

2.88 

60 

110,9=1=0.31 

2.18 

WTdfch of hips 

57 

44.8=1:0.26 i 

4.38 

60 

33.8=1:0.27 

6.15 

Total length 

57 

117.8=1=0.41 

2.60 

60 

55. 5=t0. 21 

2.88 


i 
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Tlie groups of crossbreds are relatively small ; therefore, a statis- 
tical test is iiecessaiy to determine the significance of any apparent 
evidence of heterosis. For this purpose Student’s t test as described 
by Siiedecor^ is employed, using; as a hypothesis,: or expected value, 
the mean between the two parent breed averages for oiitcross females 
for each weight or measurement. ■ This mean hereafter will be re- 
ferrecl to . as the “expected” weight or measiireme.nt. Thus, this test 
is simply a measure of the significance of the difference between the 
crossbred averages and the mean of the two parent breed averages. 

GROWTH IN LIVE WEIGHT 

The data on live weight are given in tables 3, 4, and 5, and represent 
three different two-breed combinations. 

Tablb] ?k — L ire weight data on Jersey x Holstein calves and Holstein X Jersey 

calves 

CALVES FROM HOLSTEIN DAMS 


Age (inoiiths) 

Ani- 

mals 

Average weight 

(A) 

Coeffi- 
cient of 
variabil- 
ity 

Average weight 
of dams 

Mean of 
jiarent 
breed av- 
erages 

(B) 

Dif- 

ference 

(A-B) 


Number 

Pounds 

Percent 

Pounds 

Pounds 

Pounds 

Birth - 

8 

76. 6d:2. 6;^ 

9. 71 

86. 0±3. 14 

75. 5 

1.1 

1 -.,...,..-, 

8 

99. 6±4. 01 

11.38 

115. 9db3.97 

95.1 

4.5 

2 ' 

8 

128. 9±2. 71 

5.95 

157. 1±5. 41 

129.9 

-1.0 

3 

8 

175. 9±2. 67 

4. 30 

203. 0±6. 66 

174.0 

1.9 

4 

8 

225. 6±4. 77 

5.99 

254. 7±8. 15 

223.4 

2.1 

6 

8 

276. 9=fc7. 63 

7.70 

311.0±8.59 

278.5 

-1.6 

6-., 

8 

330. 4d;:7. 65 

6. 47 

370.7±9.99 

333.0 

-2.6 

7 - 

8 

387. 1±9. 88 

7. 22 

428.0d=8.68 

386. 1 

1.0 

8,,., 

8 

432. I=b9. 67 

6.47 

484. 1±9. 94 

434.0 

-1.9 

9 

8 

473. 9±12. 87 

7.69 

532. 4±7. 52 

478.9 

-5. 0 


8 

511. 6±14. 80 

8.19 

677.9±12. 85 

523.0 

-11.4 

It-.... - 

8 

548.6±15. 14 

7.81 

620.6d=14.64 

566.2 

-17.6 


8 

694. 8=bl3. 61 

6. 48 

660.0±22. 67 

609.8 

-15.0 


8 

621. 0dbl3. 96 

6.36 

723. 0±14.03 

635.2 

-14. 2 


8 

648.0±13.12 

5. 73 

754. 6=bl4. 85 

663.5 

-15. 5 

15 ^ 

8 

687. 5d=7. 67 

3.16 

782. 6=hl0. 16 

692.5 

-5.0 


S 

711. 6d=a 26 

3,28 

816. 0±10. 13 

724.0 

-12. 5 


. 8 1 

742. 0±13. 41 

6. 12 

846. 3 ±17. 69 

7«h8 

-11. 8 


, 8 : 

1 

785.5±12.60 

4.54 

868. 7±18. 18 

784,4 

1.1 


CALVES FROM JERSEY DAMS 


Birth 

10 

74.9±2.47 

10.44 

51. 9±2. 19 

75,5 

1. 

10 

93. 5±2, 57 

8.67 

68. 0+2. 30 

95 1 

2....h:hh::h; 

10 

129,0±3.16 

7.74 

92.3+3.54 

129! 9 



10 

179.9±S.02 

8,81 

m.3±4.49 

174.0 



10 

238.5±A32 

7. 05 

159. 6±5. 57 

.,223.4 

— 

10 

299. D±5. 36 

5.67 

200.3+7.54 

,278.5 


10 

356.7±4.52 

4. 01 

240. 7+9. 84 

333.0 



10 

416. 1±5. 51 

4.19 

281. 3+12.36 

386. 1 



10 

460.2±7,21 

4. 95 

310,6+14.18 

434,0 

t,,.,....;:. 

10 

496. 0±7. 55 

4.81 

'337. 6+17. 41 

478. 9 

■ 

10 

543.8±10.28 , 

5- 98 

36a 0+18, 90 

523. 0 

n,,-.— 

10 ' 

578.9±13.42 ' 

7.32 

395, 6+23. 20 

566.2 

12 1 

10 

629.4±12.01 : 

'■ ,.-6,48 I 

431. 3+23.01 

609.8 


10 

666- 8±14. 14 : 

6.70 

458. 9+19. 58 

635. 2 

i 

10 

687.8±1Z58 1 

5.78 

481. 7+20. 12 

663.5 


10 , 

717.0±1517 

6.69 

497, 3+2a 46 

692. 5 

16,.,,,. 

10 i 

742.7±13.90 1 

5.91 

534,9+24.58 

724. 0 

17, i 

10 

790-6±18.21 

7.28 

547. 3+28. 18 

753. 8 

i 

10 

822.2±ie,10 

6.19 

574.1+22.88 

. ■ i 

784.4 


’"Sigttificant difference. **Highly significant difference. 


- 0. 6 
- 1.6 

g." 

6.9 
16.1* 
20.6** 
23.7** 
30.0** 
26.2**- 
17. 1* 
20.8 
12.7 

19.6 

31.6 
24.3 
24.5 

18.7 
36. 8 
37. 8* 


® Snedecob, G. W. STATISTICAL METHODS. Ed. 4, Rev. ed., 485 pp. illtis. Ames, 
Iowa, 1946.: 
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Table 4 - -Live 'weight data on Red Dane X Holstein calves and on EoUtein X Red 

Dane calves 


Age (months) 

Animals 

Average weight 

(A) 

Coeffi- 
cient of 
varia- 
bility 

Mean of 
parent 
breed 
averages 

(B) 

Differ- 

ence 

(A-B) 

Birth. 

Number 

13 

Pounds 

94. 0±3. 06 

Percent 

11.77 

Pounds 

88.3 

Pounis 

5.7 

1 

12 

113. 3±3.07 

9. 39 

112.6 

■ . 7 

2. 

13 

154. 04:4.20 

9. 84 

152. 1 

1. 9 

3 

13 

206. 2±4. 84 

8. 48 

201.9 

4.3 

4 

13 

260. 9±4. 04 

5.59 

256.5 

4,4 


13 

316. 5±5. 17 

5. 89 

314. 7 

i , 1.8 

6 

13 

368. 34=5. 77 

, 5. 65 

1 370. 6 

-2.3 

7 

13 

413. 84:6. 43 

5. 61 

! 423. 4 

-9. 6 

8- 

11 

466. 64=9. 82 

6.99 

470. 0 

-3.4 

9,... 

11 

520. 64:10. 58 

1 6. 75 

516. 5 

'.'4.1 

10... 

10 

571.94:13.22 

7.31 

563. 0 

8.9 

11. 

10 

620.74:11.75 

5. 98 

607. 2 

13. 5 

12, 

10 

678.64=11.38 

1 5.30 

657. 2 

21.4 

13 

10 

714.34=12.01 

5.31 

689. 6 

24.7 

14 

10 

744. 04=14.44 

6. 13 

725. 2 

18. 8' 

15... 

10 

772. 84:9. SO 

4.01 

763. 0 

9.8 

16 ' 

10 

802. 44:10. 51 

4.14 

797. 4 

5.0 

17-... 1 

9 

833.64:16.81 

6. 05 

831. 1 

2.5 

18 ' 

S 

877.04=14.36 

4.63 

869. 1 

7.9 


Table 5.- -Live tvelght data on Red Dane X Jersey calves and on Jersey XRed 

Dane calves 


Age (months) 

Animals 

Average weight 

(A) 

Coeffi- 
cient of 
variabil- 
ity 

Mean of 
parent 
breed 
averages 

(B) 

Differ- 

ence 

(A-B) 

Birth - 

Number 

8 

Pounds 

70. 54=2. 95 

Percent 

11.38 

Pounds 

68.0 

Pounds 

2.5 

1-.., 

8 

90.14=3.71 

11. 66 

89.1 

1.0 

2 ' 

8 

128. 04=4. 74 

10. 48 

122.6 

'5.4 

3,..,. - 

8 

174. 94=6. 48 

10. 49 

164.8 

10.1 

4. 

8 

223.44=7. 89 

9.89 

211. 7 

11.7 

5 

8 i 

276.84=8.30 

8.49 

262.5 

14.3 

■6-.:-,- ' 

8 

329. 6=t8. 53 * 

7.32 

312.7 

16,9 

7 

8 I 

380.84=10.54 j 

7.83 

360.4 

20.4 

8. : 

8 

428.44=13.81 : 

9,13 

401.3 

27,1 

9 - 

8 

468. 64=13.88 i 

8. 38 

441.9 

2f5. 7 

10 

8 

511.14=15.41 

8.53 

; 480. 9 

30. 2 

n... 

8 

646.94=20.04 

10. 37 

, ,518.4 

^.5 

12 - 

8 

590.94=19.89 

9. 53 

1 560.8 

BO.l 



8 

618. 54:22. 34 

10.22 

589.3 1 

■ 29.2 

IL 

8 

650. 94:20. 29 

8.82 

618.2 ' 

32. 7 


8 

677. 04=21. 98 

9. 19 

649.8 

27.2 

16- 

8 

707. 34=20. 65 

8.26 

679.9 

27.4 

17.._. 

7 

739. 94=28. 98 

10.38 

708.5 

31.4 

18-- 

7 

765.7db28.62 

9.90 

740. 0 

25.7 


The first point of interest in these tables is the birth weight ^of the 
crossbred calves. Apparently there is not enough difference in size 
between the parent breeds used here to exhibit the phenomenon de- 
scribed by Hammond/ where the size of the dam controls the size of 
the offspring. In the combinations representing the Holstein and 
Jersey breeds, in which there is the greatest contrast in size of the 
parent breeds, the female calves from Holstein sires and Jersey dams 

® Hammond, X physiologicjai. faotoes affecting bieth weight. Niitr. Soc. 
Proc. 2: S-12,,illiis. 1944. 


841032—49—5 
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iiad an average birtli weight of 74.9 pounds and those from Jersey 
sires and Holstein dams averaged 76.6 pounds, whereas the mean of 
the birth weight averages' for the parent breeds was 75.5 pounds 
(tables). 

There was somewhat more diiference in birth weight between the 
Jersey' X Holstein males and the Holstein X Jersey males than be- 
tween females of the same crosses. Seven males from Holstein sires 
and Jersey dams averaged 76.3 ±2.37 pounds at birth, and six males 
from Jerse}^ sires and Holstein dams averaged 82.0 ±3.87 pounds. 
This difference is not statistically significant. 

It is interesting to note further that the Holstein X Jersey calves 
from Jersey dams developed more rapidly after 3 months of age than 
did the reciprocal cross from Holstein dams (table 3). 

In general it can be said that the cross breds have a tendency to 
be slightly heavier than the expected weight. This difference is not 
statistically significant in a majority of cases. 

Reports of previous cross-breeding work ^ ^ indicate there is more 
evidence of heterosis when two large breeds are crossed than when 
a large breed and a small one are crossed. The work at Beltsville has 
not borne out this theory. The crossbreds from the two largest breeds, 
tlie Holstein and the Red Dane, show the least average increase over 
the expected weight of any of the crosses. At 6, 7, and 8 months of 
age, the Holstein X Red Dane crossbreds averaged slightly less than 
the expected weight. 

The figures show some interesting breed interactions in live weight. 
In the Holstein X Jersey crossbreds (table 3) the period of most 
rapid growth is from 4 to 8 months. In the Red Dane X Jersey cross- 
breds (table 5) growth seems to be quite uniform from thh second 
month on. The Guernsey crosses afford the most striking examples 
of different breed interactions; howwer, these are treated separately 
in another section. 

The coefficients of variability indicate that there is sornewdiat less 
variance in the crossbred groups than in the large purebred groups 
from which the weight standards were calculated. 

SKELETAL GROWTH 

The data on skeletal growth are given in tables 6, 7, and 8. Crosses 
involving Guernseys are omitted from this phase of the study because 
there WTis no suitable set of standards for purebred Guernseys. 

X ON the EELiiTIVE GEOWTH AND DEVELOPMENT OF VABIOXJS BREICDS 
AND CROSSES OF CATTLE. Joiu'. AgT. Sci. [England] 10: [2S3]~289. 1920. 

®COLK, L. J. THE WISCONSIN EXPERIMENT IN CROSSBREEDING CATTLE. WoiM’S 
Dairy Cong. Froe., Washington, Philadelphia, and Syracuse, 1923, 2 : 1383-1388. 
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Table 6. — Skeletal groieth data on Jerseg X Holstein calves -and on Moist em X 

Jersey calves 

CALVES FROM HOLSTEIN DAMS 


Age, and item of measurement 

Animals 

Average meas- 
urement 

(A) 

Coeffi- 
cient of 
variabil- 
ity 

1 

Mean of 
.parent 

L breed 

1 averages 

1 (B) 

Diffe,r- 

ence 

(A-E) 

i 

6 months: 

Number 

Centimeters 

Permit 

Centi- 
meiers ' 

Centi 

meters 

Height at withers 

8 

99.0±.65 

1.86 i 

98.6 

0.4 

W idth of fore chest 

8 

26.4±:.29 

3. 10 1 

25. 8 

.6 

Depth of fore chest 

8 

45.8±.45 

2.80 ; 

45.7 

.1 

Width of hips 

8 

29. 6±. 33 

3.19 

28.9 

..7 

Total length 

8 

91.6±.88 

2.71 j 

89. 9 

1. 7 

12 months: 






Height at withers 

8 

112. 8±. 86 

2.17 ' 

114.0 

-1.2 

Width of fore chest 

8 

32. 4±. 66 

5. 76 

33.6 

-1.2 

Depth of fore chest 

8 

55.7±.62 

3.13 : 

56.7 

-1.0 

Width of hips. __ 

8 

38. 84=. 61 

4.47 i 

38.2 

.6 

Total length.. 

8 

110.2±.80 

2.05 

109.4 

.8 

18 months: 






Height at withers. . 

■8 

120.6±.a3 

1.94 ! 

121. 8 

-1.2 

Width of fore chest 

8 

36. 2d=. 70 

5.50 

37. 5 

-1.3 

Depth of fore chest. 

8 

61. 5±.52 

2.41 

62. 7 

-1.2 

Width of hips 

8 

44, 2±. 67 

3. 63 

43,5 

. 7 

Total length 

8 

120. 7±1. 20 

2.80 

119.8 

.9 


CALVES FROM JERSEA^ DAMS 


6 months: 






Height at withers... 

10 

100. 4=h. 70 

2.20 

98.6 

1.8* 

Width of fore ehest. 

10 

26. 3±. 39 

4. 66 

25.8 

.5 

Depth of fore chest 

10 

46. 84:. 30 

2. 02 

45.7 

1.1** 

Width of hips 

10 

29. 84:. 29 

3. 03 

28.9 

.9* 

Total length 

10 

93.44:. 92 

3.11 

89.9 

3.6** 

12 months: 






Height at withers 

10 

115. 74=. 94 

2. 57 

114.0 

1.7 

Width of fore chest. 

10 

33.34=. 32 

3. 05 

33. 6 

-.3 

Depth of fore chest . - 

10 

67. 44=. 42 

2.32 

56.7 

.7 

Width of hips, 

10 

39. 44:. 28 

2.26 

38.2 

1.2** 

Total length 

10 

112.94=1.18 

3. 31 

109. 4 

3,5* 

18 months: 






Height at withers - 

10 

123.54:1.09 

2. 79 

121.8 ' 

1.7 

Width of fore chest 

10 

38.0db.35 

2. 92 

37.5 

.5 

Depth of fore chest - 

10 

63.44=. 49 

2.43 

62.7 

.7 

Width of hips - 

10 

44.94=. 48 

3. 36 

43.5 

1.4* 

Total length — 

10 

122.24=1.35 

3.48 

119.8 

2.4 


•Significant difference. **Highly significant difference. 
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Table 7. — Skeletal groictli data on Holstein X Hed Dane calves and on Red Dane 

X Holstem calves 


Age, and item of measurement 

Animals 

. 

Average meas- 
urement 

(A) 

Coeffi- 
cient of 
variabil- 
ity 

Mean of 
parent 
breed 
averages 

(B) 

Difier- 

eiiee 

(A-B) 

f) months: , 

Height at withers - 

Number 

13 

Centimeters 

100. 8±. 62 

Percent 

2. 23 

Centi- 

meters 

99.6 

Centi- 

meters 

1.2 

Width of fore chest-. 

13 

27.8d=.39 

5.01 

27.9 

-0. 1 


13 

46.8±.32 

2. 47 

46. 4 

.4 

Width of hips 

13 

30. 2±. 37 

4.46 

30. 2 

0 

Total length 

13 

92. 7±. 72 

2. 82 

91.2 

1 . 5 

12 months: 

Height at withers 

10 

116.1±.61 

1.68 

114.4 

.7 

Width of fore chest 

10 

35. 1±. 63 

5. 70 

35. 1 

0 

Depth of fore chest 

10 

57.2db.25 

1.37 

56. 8 

.4 

Width of hips - 

10 

39.8dz.37 

2. 97 

39.2 

.6 

Total length „ 

10 

110. 8d=.80 

2.28 

110.1 

.7 

18 months: 

Height at withers . 

10 

122.8dz:.74 

1.90 

122. 6 

.2 

W’^idth of fore chest 

10 

39. 7d:. 26 

2.04 

39.5 

.2 

Depth of fore chest 

10 

62. 7dr. 49 

2.46 

63.0 

-.3 

Width of hips 

10 

45, 6d:. 55 

3. 79 

45.2 

.4 

Total length 

10 

121. 8d=. 79 

2.04 

120.9 

.9 







Table 8. — Skeletal growth data on calves hy Red Dane sires and out of 

Jersey dams 


Age, and item of measurement 

Animals 

Average meas- 
urement 

i 

(A) 

Coeffi- 
cient of 
variabil- 
ity 

Mean of 
parent 
breed 
averages 

(B) 

Differ- 

ence 

(A-B) 

6 months: 

Height at withers - 

Number 
■ 7 

Centimeters 

96.8d=0.69 

Percent 

1.88 

Centi- 
meters 
96. 5 

C&nti- 

mders 

0. 3 

W idth of fore chest 

1 . ■ 7 

26.9d=.61 ' 

6. 02 

26,6 

1.4 

Depth of fore chest 

7 

45.6±.42 

2. 46 

45. 1 

' .5 

Width of hips 

7 

28. 9±. 63 

5.79 

28,7 

: .2 

Total length 

7 

89. 8d=. 69 

2.03 1 

88,7 

1.1 

12 months: 

Height at withers. 

8 i 

no. 6d=1.19 

3.04 

110.5 

.1 

Width of fore chest 

8 

34. 4d=. 77 

6.48 

32. 3 

1. 1 

Depth of fore chest 

8 

55. 7d=. 47 

2.40 

66. 2 

. 5 

W'idth of hips 

8 

38. 3d:. 62 

4. 67 

37.3 

1.0 

Total length 

8 

107. 8d:l, 11 

2. 92 

106. 6 

1.2 

18 months: 

Height at withers-- - 

7 

118. 4d=1.4f) 

3.27 

118.0 

. 4 

Width of fore chest 

7 1 

38. Id:. 70 

4. 85 

36.3 

1.8' 

Depth of fore chest 

■ 7 1 

61. 6d=. 63 

2.72 

61.2 

,4 

Width of hips 

■ 7 

44.3d=. 74 

4.41 

43.0 

1.3 

Total length 

■ 7 

117. 8d:1.68 

3.78 

116.7 

1. 1 





‘^Significant difference. 


The same general trends are found in the skeletal measurements as in 
the live weight data. The most noticeable feature is that the Holstein 
X Jersey and Jersey X Holstein crossbreds seem to be somewhat 
rangier than the crossbreds of the other breeds, particularly at (i 
months of age. The Holstein X Bed Dane crossbreds show the least 
heterosis of any of the crossbreds. Again, as in live weight, the Red 
Dane X Jersey crossbreds are quite uniform in skeletal growth. 

Figures 1 to 5 show the general conformation of the crossbreds 
resulting from various crosses. These photographs, all taken at 6 
months of age, are of calves chosen as the most representative of their 
respective groups with regard to size and general growth habits. 





X-33 
3 "* 9 '- 42 .: 
6 U0% 
WT. 365 
OAt^-S-38 


Crossbred calf (Herd No. X-33) by a Holstein sire and out of a 
Guernsey dam. 






i 



U 



Figure 3. — Crossbred calf (Herd No. X-23) by a Holstein sire and out of a 

Red Dane dam. 


;WT. 344 


■Crossbred calf (Herd No, X-IS) by a Red Dane sire and out of a 
Jersey dam. 
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Firube 5. — Crossbred calf (Herd No. X-52) by a Bed Dane sire and out of a 

Guernsey dam. 

GROWTH OF GUERNSEY CROSSES 

The growth in live weight of the crosses involving Guernseys (Hol- 
stein X Guernsey and Red Dane X Guernsey) appears to follow a 
somewhat different pattern from that of the other crosses discussed 
thus far. For this reason an analysis of the data for these crosses 
seems desirable, even though no suitable standard for purebred Guern- 
seys is available for comparison. 

A study of the data indicated that the slope of the growth curve for 
the Holstein X Guernsey crossbreds differed from that of the Red 
Dane X Guernsey crossbreds; nor did these curves slope as might be 
expected judging from the data on the purebred Holsteins and Red 
Danes. To illustrate this, a calculation was made showing the percent- 
age of the final weight gained during each month from birth to 18 
months of age. As used here the “final weight” is the mean of the 
weights at 17, 18, and 19 months of age, which reduces the chance of 
error that could be introduced by using a single 18-month average 
weight. These calculations were made for the Holstein X Guernsey 
and Red Dane X Guernsey crossbreds and purebred Holstein and Red 
Dane groups. The figures are summarized in table 9. 
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Table 0, — Cfomparatire rate of growth of Holstein X Guernsey calves and Red 

Done X Guernsey calves 


Proportion of total growth per month 


Period of growth (average) 

ITolsteiu 

Red Dane 

Holstein 

X 

Guernsey 

Red Dane 
X 

Guernsey 

Birth to 12 months 

Percent 

5.62 

3.70 

Percent 

6. 42 
4.22 

Percent 

5.34 

4.35 

Percent 

5. 52 
3. 08 

12 to IS months . . 



It will be noted that in the purebred groups the rate of growth 
of tlie Holsteins was relatively higher tlian that of the Red Danes for 
the first 12 months, whereas from 12 to 18 months the Red Danes 
gained at a relatively faster i*ate than did the Holsteins. When each 
of these two breeds was ci^ossed with Guernseys the trend was exactly 
tlie opposite, the higher early rate of growth being attained by the Red 
Dane X Guernsey crossbreds while the Holstein X Guernsey cross- 
breds grow relatively faster during the later period. 

The total growth for the two periods also affords an interesting com- 
parison, The Holsteins gained 67.47 percent of their final weight 
from birth to 12 months, and 22.20 percent from 12 to 18 months. The 
eorresponding figures for the other groups are : Red Danes, 64.99 and 
25.B1 percent; Holstein X Guernsey, 64.12 and 25.90 percent; Red 
Dane X Guernsey, 66.21 and 22.05 percent. It will be noted that the 
percentages for the Red Dane X Guernsey crossbreds closely approach 
those of the purebred Holsteins, while the Holstein X Guernsey fig- 
ures more nearly approximate those of the purebred Red Danes. 

Still another method may be used to illustrate these different breed 
interactions. For this method, the assumption is macle from the data 
in tables 3, 4, and 5 that the weights of the crossbreds will fall ap- 
proximately midway between the parent breed averages. On the 
basis of this assumption, the Guernsey average weights can be roughly 
estimated from the weights of the crossbreds and Gie average weights 
of the other parent breed. Table 10 shows the estimates of the Guern- 
sey average weights made from the data on the crosses with Holsteins 
and with Red Danes. 


Table 10. — Mstnmate of Qmrmey weight averages 


Age (months) 

Estimate of Guernsey weight averages 

From 

Holsteiii X Guernsey 
crossbreds 

From 

Red Dane X Guernsey 
crossbreds 

.t';. 

Pmnds 

66 

260 

' "■ ,512, 

h ■ m 

Pounds 

91 

330 

616 

, „ '734' 




The wide divergence of tliese ^timates makes it obvious that the 
assumption made above is not valid in the case of these crosses. The 
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relatively rapid y’ate of early growth in the Eed Dane X Guernsey 
crossbreds is again apparent in tins tabulation. 

We have no explanation for the different breed interactions de- 
scribed here. Althoiigh the figures presented in tables 9 and 10 do not 
lend themselves to statistical analysis, the data have been explored 
thoroughly, and it seems very unlikely that the differences are due 
entirely to chance variation in the small groups of crossbreds. Prob- 
ably there will be no satisfactory explanation for these breed inter- 
actions until much more is known about cattle genetics. 

The data in this section indicate that the growth obtained by cross- 
ing two given breeds does not necessarily afford an accurate prediction 
of the result of crossing either breed with other breeds. 

SUMMARY 

Growth studies are presented on first-generation crossbred dairy 
calves, representing crosses of Holstein, Jersey, Guernsey, and Eed 
Dane cattle. The measures of growth used are live weight and a set 
of five skeletal measurements. 

There is some indication that the crossbreds tend to be slightly 
larger than the mean of the parent breed averages. Heterosis is in- 
dicated in some groups by the fact that the crossbreds are significantly 
larger than the expected weight or measurement, but this does not hold 
true for all crossbred calves. 

Some interesting differences in breed interactions are shown, par- 
ticularly in the Guernsey crosses. 




THE EFFECTS OF AIEPLANE DDT APPLICATION'S ON 
CITEUS GEOVES IN FLOEIDA^ ^ 


By J. T. Griffiths, Jr. and C. R. Stearns, Jr.® 

Citrus Experiment station, Lake Alfred, Fla. 

INTRODUCTION 

During the war years the Army and Navy made extensive use of 
airplanes for the dispersal of DDT for mosquito and fly control. 
Linqiiist et al. {!) ^ stated that a 5-percent solution of DDT applied 
at 2-3 quarts per acre would give satisfactory adult mosquito controL 
As the result of both experimental and j)ractical experience, counties 
and cities have begun to engage in this type of pest-control program. 
DDT has shown itself to be most beneficial when used in this manner. 
However, instances have been reported where DDT apparently was 
having some detrimental effects. 

Griffiths and Thompson (^) and Griffiths and Stearns (^) reported a 
reduction in the parasites and predators of Florida red scale 
{Ohrysomphalus aonidum (L.)) and a subsequent abnormal popula- 
tion increase for this pest where DDT was applied with conventional 
spray equipment on citrus trees in Florida. Woglum (4-) reported 
complications in citricola scale {Ooccm pseudomagnolimnmb (Kuw.) ) 
and cottony-cushion scale {leeryapurehasi Mask) control in California 
citrus groves. More recently Morrill and Otanes {5) have reported 
scale and mealybug infestations in and around Manila which they 
believed were attributable to the regular application of DDT over 
that city. Consequently, the widespread use of airplane dispersed 
DDT in certain coastal areas of Florida was viewed with apprehension 
by some citrus growers. 

EXPERIMENTAL PROCEDURE 

The following is an account of observations made in citrus groves 
in and around Cocoa in Brevard County on the east cost of Florida. 
Here, the county had undertaken an extensive campaign for mosquito 
controL This area was typical of othex's in Florida where DDT was 

^Received for puTblieation June 2, 1948, Journal of Agricultural Besearcli, 
WasMngton,,D.,C. ■ 

^ The authors wish to take this opportunity to thank Lt. Conidr. John M, Hirst 
of the U. S. Navy and Thomas L. Cain, Jr. ^ of Cocoa, Fla., for their help and 
cooperation, 

f Entomologist and Insecticide Chemist at the Citrus Experiment Station, Lake 
Alfred, Fla. . 

^ Italic numhers in parentheses refer to Literature Cited, p. 476. 
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sprayed from airplanes, and it is believed that the observations made 
here -would be applicable to other citrus growing areas of the State. 

In the Brevard County operations, flights were scheduled according 
to “bite counts” so that some areas were more frequently sprayed than 
others. The material used consisted of 35 pounds of technical DDT 
per 100 gallons of spray and this was dispersed at about 10 gallons 
per muiute by a plane that averaged 70 miles per hour. As nearly 
as possible an attempt was made to spread the material over approxi- 
mately a 100-foot swath. With these figures as a basis, it may be 
calculated that about one quarter of a pound of DDT was distributed 
over an acre area. If it is assumed that this was an absolutely flat 
surface, then less than 2.8 jug of DDT was deposited per citf. How- 
ever, since an acre of vegetative growth comprises many acres of 
surface, only an infinitesimally small amount of actual DDT would 
be expected to be deposited on any surface at any application. 

Determinatioiis of the actual amounts of DDT present following the 
airplane sprayings were made according to Redd’s modification of 
a method by Schecter et al. (d). This method determines the total 
amount of DDT present both inside and on the surface of the leaf. 
The procedure included the following technique : Twenty-five leaves 
were selected at random and a round disk was punched from each 
leaf. Each disk represented an area of 1 square inch (i. e., a total 
leaf surface, upper and lower, of 2 square inches) . These disks were 
extracted for 1 hour with 150 ml. of petroleum either (boiling point 
35° to 60° C.) In a Soxhlet extractor. The volume was reduced by 
evaporation to 15 ml. and the material transferred to a 50-ml. cen- 
trifuge tube. 

The extraction flask was washed twice with small portions of the 
ether and the washings were added to the centrifuge tube. The ether 
was evaporated, and the tubes cooled in water. Five ml. of nitrating 
mixture composed of 1 to 1 volume of fuming nitric acid (specific 
gravity 1.50) and concentrated sulfuric acid (specific gravity 1.84) 
were added, and the tubes were heated in a water bath for 1 hour at 
100° C. After cooling the tubes in cold rvater, 25 ml. of ice water 
were added. The solution was transferred to a 60-ml. separatory 
funnel, and after the tubes had been thoroughly washed, the wash was 
added to the fumiel. This mixture was then extracted with 20 ml. of 
a solution containing 60-percent petroleum ether and 40-percent ben- 
zene. It was shaken vigorously for 1 minute and after separation of 
the layers, the aqueous portion was discarded. The solution was 
washed with 5 ml. of water and the aqueous portion discarded. After 
a second wasliing with 10 ml. of 2-percent sodium hydroxide the 
aqueous portion was again discarded. 

Following this a third washing with water was performed. The 
IJetroleum etherbenzene portion was then transferred to a dry flask, 
placed in a w^ater bath and evaporated to dryness under vacuum. Five 
ml. of anhydrous benzene and 10 ml. of sodium methylate solution 
( 10 gr. ± 0.1 gr. per 100 ml. of anhydrous methanol) were added to 
the flask and thoroughly mixed. The blue color was read within 15 
minutes and the amount of p,p-DDT was calculated from standard- 
curves prepared from pure tetranitro p,p-DDT using 590-mja filter. 
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Ebling_(7) reported that DDT in kerosene emulsions was absorbed 
into the citrus leaf. In order to check this report under Florida con- 
ditions a procedure was worked out to determine whether DDT was 
absorbed by the leaves. It was found that when DDT and oil emul- 
sions were sprayed on citrus trees some DDT was absorbed by the 
leaf. The absorbed DDT was determined in the following manner : 
Twenty-five leaves selected at random were placed in a 1-percent solu- 
tion of Nytron, a highly active surface agent, and thoroughly scrubbed 
with a soft brush. Following this treatment they were rinsed several 
times with tap water and with distilled water and allowed to air dry. 
The leaves were then analyzed for DDT by the procedure described 
above. The DDT found at this analysis was considered to have 
been absorbed into the inside of the leaf. Any difference between this 
amount and the total amount found on a similar sample which had 
not been washed was considered to represent the DDT on the surface 
of the leaf. 

RESULTS 

Table 1 presents data on p,p-DDT deposits on citrus foliage at 
various locations and various dates during the 1947 mosquito spraying 
season. In some cases the DDT is expressed both as internal and total 
DDT. The part of the tree from which the samples were taken is in- 
dicated as well as the number of times sprayed by county planes and 
the date of the last spraying. 

Several facts are evident from table 1. All DDT deposits were 
within a range where experimental error was as great as the differences 
noted. Thus, any figure under 0.5 /tg DDT per cm^ is not a reliable 
one. However, certain trends are evident. On August 18 and 19 
samples were taken before and after an application. The trees from 
which these samples were taken were located inside the city limits of 
Cocoa and in this area heavier than average applications occurred. 
Apparently about 0.10-0.15 jog DDT was deposited per cm Eefer- 
ence to the entire set of figures indicates that although this amount 
might be applied at one application, in no instance did the total 
amount on the leaf accumulate to as much as 0.3 /^g per cm^. Ap- 
parently the dissipation between sprayings was as great or greater 
than the amount deposited. The data of November 22 show marked 
irregularity, but this is easily explained by the low levels of DDT be- 
ing considered. However, these data appear to indicate that most 
of the DDT at that date was internal. In any case, in spite of as many 
as 10 applications, DDT was still present in only minute amounts. 
Griffiths and Steams stated that damage to the predaceous and para- 
sitic insects that helped control Florida red scale was accomplished 
when DDT deposits were higher than 0.5 ftg cm K Thus, in no in- 
stance did deposits attain a level which would be expected to adversely 
affect such beneficial populations. 
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Table 1,— DDT deposits oh- citrus foUagc folloiDing airplane applications, tDIfl 


Date 

Grove 

Location on tree 

/xg ofDD' 

Internal 

r per em2 

Total 

Number 
of times 
sprayed 
by county 
planes 

Date of 
last 
spray 


A-1 

Top 


0 

0 



4-2 

do., - 


0 

0 



K~X 

- do.. 


0 

' 0 



K 

Side 


0 

. 0 



C 

do 


0 

0 


July 17 . 

A-1 

Top - 


0.13 

4 

July 12 


do 

do 


.12 

6 

Aug. 8 



Side.— 


.11 

6 

Do. 


A-2 

Top - 


.06 

6 

Do. 


do 

Side- 


.06 

6 

Do. 


A-3 - 

Top.— - 


.06 

6 

Do. 


do 

Side - 


.06 

6 

Do. 

Atlg. IS 

D 

Top 


.17 

4 

July 16 


do. 

Side 


.12 

4 

Do. 

Aug. 19 

D 

Top 


.28 

5 

Aug. 19 


do 

Side 


.28 

5 

Do. 

Nov. 22- . 

A-i 

Top.— - 

0.09 

.12 

10 

Oct. 21 


A-3. 

do - 

,04 

.03 

10 

Do. 


B - 

Side - 


.12 

10 

Oct. 30 


C 

do 


.03 

10 

Do. 


D 

Top—. 

.18 

.10 

7 

Oct. 9 


E 

.....do 

.09 

.03 

7 

Do. 


E 

do 

.12 

.06 

7 

Do. 


Notes on parasitic and predaceous populations were made during tlie 
summer and fall in groves spx'ayed with DDT. Grove A is of partic- 
ular interest. This grove was located on Merritt Island adjacent to 
Indian Kiver. The owner lived on the grove and the trees about his 
house received considerably more DDT than did those at the far side 
of the grove. Samples labeled A-1 in table 1 were taken adjacent to 
the house- A-3 was at the far side of the grove and A-2 was midway 
between A-l and A~3. In August, counts of Florida red scale para- 
sites were made both at A~1 and A-3 locations. No parasites were 
recorded. At the same time more twice-stabbed lady beetles {Ohilo- 
eoris stigma (Say) ) appeared to be present at A-3 than at A-l location 
and there was definitely more evidence of feeding holes in red scale 
armors at A-3 than A-1. Florida red scale was common, but not 
abundant, at both locations. The fact that ]io parasites were found 
in the sample examined is probably of no significance, since other 
samples taken from the east coast of Florida daring July and August 
failed to show any parasites either. Red scale populations were gen- 
erally low at that time and apparently parasite density was corre- 
spondingly lowL In September, samples were again taken and this 
time one second stage parasite (presumably Prosvaltella aurantii 
(How.)) was found. 

A final survey was made on November 22 in groves A, D, and F. 
Evidences of parasitism were recorded as shown in table 2^ No third 
stage parasites were found, but this was again in line Avith other groves 
sampled in other places on the east coast of the State. Second-stage 
parasitism Avas common and well within the range of normal expect- 
ancy for that time of the year. Not only were the parasites common, 
but twice-stabbed lady beetles ware present and often numerous at all 
locations noted in table 1 for the November date of sampling. 
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I'ABLE 2. — Parasitism of Florida red scale in November a, f ter 10 applications 

of DDT 


Grove 

Location on tree 

' 

Second staj 

Live para- 
sites, /lOO 
live scale « 

parasites 

Evidences of 
parasites/ ft 
100 live scale 

Third stage 
parasites 

iugofDDT 
for cm 2 

D 

Top - 

4 

10 

0 

0. 10 

A-L-: - 

do 

12 

24 

0 

. 12 

A-1 - 

Side-„. 

14 

16 

0 

. 12 

A”-3-.-._ - - 

Top 

24 

32 

0 

. 04 

F 

do 

20 

20 

0 

.06 


« Live scale included only late second- and very early third-stage females. 
b Evidences of parasites included live larvae or pupae, dead ones, and emergence holtis. 


DISCUSSION 

111 considering the possible deleterious effects of airplane DDT 
.'^■praying on Florida red scale control, several factors should be kept 
in niind. Apparently only small amounts of DDT were deposited on 
citrus foliage at any one application. These amounts were largely 
dissipated between applications so that there was no accumulation of 
DDT on the leaves. At the end of the spray season, there was no 
more DDT than early in the year, and in the fall most of the insecticide 
appeaz'ed to be on the inside of the leaf. At no time during the season 
was more than 0,3 jig per cni^ I'ecorded. This amount would not be 
considered as harmful to the insects which are parasitic or predaceous 
upon Florida red scale. 

Observations on parasites and predators substantiated this con- 
clusion since normal concentrations of lady beetles and parasites of 
second stage scale were found at the end of the season in November. 
The fact that no parasites of third stage scale were recorded may be 
discounted since the incidence of this parasite was low elsewhere along 
the east coast of Florida. 

The only possibilities for detrimehtal effects from DDT would 
appear to be where an overzealous pilot regularly applied too much 
DDT to some area. Even then it would probably be difficult to get a 
deposit of DDT sufficiently high to adversely affect the insects that 
feed in or upon Florida red scale. This is evidenced by the fact that 
locations A-1, D, E, and F in table I were regularly sprayed with 
more than the specified amount of DDT. These facts would appear 
to justify the conclusion that DDT airplane spraying for mosquito 
control in Brevard County, Fla., was not detrimental to insect para- 
sites and predators of Florida red scale in citrus groves and that from 
this standpoint, groves could be treated without tear of complications 
in red scale control. 


SUMMABY AND OONOLUSIONS 

In 1947 in Brevard Oountjr, Fla., airplanes were used extensively 
to distribute DDT for mosquito control. A study of the amount of 
PjP'DDT deposited on citrus foliage and of the effects of this DDT 
on the parasites and predators of Florida red scale in citrus groves 
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was iiiacle. Mo deposits of than 0.3 iig of DDT per cm^ were 
found and in November, parasitic and predaceous populations were 
apparently iiorinal. Most of the DDT retained by the foliage ap- 
peared to have' been absorbed into the leaf tissue. It is concluded 
that the spraying of DDT as practiced in Brevard County would have 
no detrimental effects on. Florida red scale control in citrus groves. 
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PALATABILITY TESTS ON POTATOES GKOWN IN SOIL 
TREATED WITH THE INSECTICIDES BENZENE HEXA- 
CHLORIDE, CHLORDANE, AND CHLORINATED, CAM- 
PHENE V 

By Mary L. Greenwood, Storrs A^ieultmril Expemnmt Station, and Jean Marie 
Tice, School of Home Mcononiios, University of Coniiecticnt. 

INTRODUCTION 

The effectiveness of soil treatment with benzene hexachloride for the 
control of wiieworm has been demonstrated at the Connecticut Agri- 
eiiltnral Experiment Station.^ Potato crops in Connecticut and other 
States are subject to considerable damage from wirewomn, and the lise 
of an effective insecticide would mean a substantial increase in the 
annual marketable yield. 

Potatoes grown in soil treated with benzene hexachloride have an 
off-flavor according to nuinerous local consumers. The School of 
Home Economics at the University of Connecticut was asked to con- 
duct palatability tests to determine whether the comments on off -flavor 
were justified. The first test, in the spring of 1947, shoAved that, at 
certain dosages, benzene hexachloride imparted a foreign flavor in the 
cooked potatoes.^'^ The palatability tests were also carried out on the 
1947 crop. The results of these tests are reported in this paper. In 
addition, these latter tests included potatoes grown in soil treated with 
chlorinated camphene, and in soil treated with chlordane. These 
chemicals were both being studied as insecticides. The purpose of 
these palatability tests wuis to determine whether the various insecti- 
cide treatments used for wireworm control affected the flavor of cooked 
potatoes. 

PROCEDURE 

Treated and untreated samples of potatoes, from both experimental 
and commercial fields, were supplied by the Connecticut Station. The 
tubers were stored in a dark basement room until used. The palata- 
bility panel for the taste tests consisted of staff members and students 
at the University of Connecticut, 

^Received for publication September 7, 1948. The authors acknowledge the 
aid of 0, I. Bliss, Biometrician, Connectient Agricultural Experiment Station; 
Martha Potgieter, Associate Professor of Poods and Nutrition, University of Con- 
necticut ; and all those who acted as tasters throughout the experiment, 

^Greenwood, DoitOxLas B. rehzene HEXACHnoRiDE and wireworm oonteol. 
Jour. Econ. Bnt. 40 : 724-727, 1947. 

^ Brack, M. R. the effect of using various treatments of the hexachloro- 
cyclohexane insecticide on the PAEATABiniTY OF COOKED POTATOES. Unpublished 
Paper, School of Home Economics, University of Connecticut. 1947. 
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A iiiiiforiii iiietliod of cooking was used in tlie nine tests. Two liiiii'- 
dred gill, of peeled potatoes were cut into- %-incli slices a.nd cooked in 
300 gill, of boiling water until tender.; The degree of doiieness was 
determined witli a cake tester and the cooking time averaged 1.5 to 20 
minutes for all samiiles. Although parts of four or five potatoes were 
used for each sample, some of the inconsistencies observed may have 
been due to too limited sampling.^ After draining, they were placed 
on marked plates, mashed with a fork, and covered. 

The tasting for all but two of the tests (Nos. 4 and 5) was done in 
this manner. The samples for each day were lettered and arranged in 
a random order. The tasters indicatecl the presence or absence of any 
off-flavor by plus ( + ) and minus ( — ) signs, respectively, and its 
intensity by ( + ), ( + + ), etc. They also were asked to describe the 
flavor. ' Eef ereiice samples, identified as treated and iintreated, were 
available to indicate to tlie tasters the nature of the off-flavor. In test 
No. 4 tlie samples were placed in order of the increasing dosage of the 
insecticide. The tasters were asked simply to check the presence or 
absence of any off-flavor. In test No. 5 the tasters were given eight 
samples (four treated and four untreated), arranged in random order, 
and were asked to group them into two groups of four identical 
samples. The potato samples tested are listed and described in table 1. 


Table 1. — Description of Potatoes Used in Palatabiliiy Tests 


Test No. 

Variety 

Insecticide 

[ 

Dosage (pounds per acre) 

Method 
of appli- 
cation 

Test samples 

Refer- 

ence 

samples 

1 

Katalidin 

Ben zene hesachloride. 

0, 1,2, 214,1 s 

0,8 

Spray. 

2 

do 

do 

0, l,2,2}^Ai 8 

0^8 

‘Do. 

3, 

Green Mountain ^ 

Benzene hexachloride 2 

OjViSO.SO,--- 

0 ' 

Dust. 

4, 

' ' 

do 2 . ....... ..... . 

0,7V4.50,0 .. ..... , 


Do, 

5 

do 

do 2 .. 

0.0,0,0,50,50,50,50 


Do. 

6 - 

...... do 

Pure gamma benzene hex» 

0,0.25,0.25,0.25,0.25-., 

0.25 

Do. 



acbloride. 


7 

Katabdin.- 

Chlordane-- 

0,1, 2, 4, 8 

0,8 

Spray, 

8... 

..-.do.-' 

Chlorinated carnphene.^ 

0,1,2 4,8 

0, 2 

Do. 

9. 

Green Mountain,. - 

do 

0,1, 1,2,2 

0, 8 

Do. 








1 Samples from commercial field. 

2 Soil treated in 1946; no treatment in 1947. 


The method used to analyze the data depended upon the type of 
test.^ In the tests in which the subjects were asked to indicate the in- 
tensity of the off -flavor, the original markings were converted to 
numerical scores for analysis. These scores were those given by Fisher 
and Yates ^ for ranked data in series of 4 (-1,03, -0.30, 0-30, 1.03 in 
increasing order of off-flavor) or 5 (-1.16, -0.50, 0, 0.50, 1.16) .. Where 
two or more samples were marked alike, the corresponding scores 
were averaged. The scores were totaled for each sample and the statis- 
tical significance of the results in each test was assessed by an analysis 
of variance. 

When only the presence or absence of an off-flavor was reported in 
a fixed order of tasting (test No. 4), the judgments on two successive 


^ Fisher, E. A., and Yates, F. statistical tables foe biological, ageicultxjeal 
AND ME^aiCAL EESEAECH. Oliver and Boyd, Edinburgh. 1948. 
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samples were tested for independence by computing chi-square from 
2 X 2 contingency tables, using Yates’ correction for continiiity« The 
proportion of off-flavor judgments in the totals for treated and un- 
treated samples were then compared in a similar fashion. In test No. 
5 in which eight samples were divided into two groups of four each, 
a frequency distribution was prepared of the observed number of 
correct judgments and compared by chi-square with the number to be 
expected if the subjects had been unable to distinguish between the 
treated and untreated potatoes. 

An effort was made to classify the tasters on the basis of their con- 
sistency in duplicate tests Nos. 1 and 2 but the scores for any given 
taster differed more from day to day than those of different tasters 
on the same day. Since the tasters could not be classified as good or 
poor, all scores were used in determining the totals in the benzene 
hexachloride tests. All tasters’ scores were included also in the totals 
for chlordane and chlorinated camphene. 

RESULTS AND DISCUSSION 
BENZENE HEXACHLORIDE 

The scores for tests Nos. 1 and 2 (table 2) indicate that the greater 
the dosage of benzene hexachloride the stronger the off-flavor in 
the potatoes.' The mean scores differ significant^ from one another 
(P <0.001) and show an increase in value (except at the 1- and 2-pound 
levels in test 1) as the dosage of the insecticide is increased. 

The tasters who were able to detect the insecticide found the flavor 
quite objectionable. They described it as strong, earthy, metallic, 
bitter, medicinal, musty, and stinging or biting to the tongue. Some 
found that the flavor persisted as long as 2 or 3 hours. 


Table 2. — Total scores showing ewtent, of off-flavor in potatoes grown in soil 
treated with 'benzene Jiewachloride at different dosages im, pounds per aere 


Test No. 

Number 

Total scores at pounds-per-aere dosages of— 

of tasters 

0 

1 

2 ^ 

m 1 

8 

l:.. 

16 

27 

-8. 79 

1.38 

-5.65 

5.69 

7.36 

2 - ' ' 

-13.80 

-6. 96 

5.34 

6.71 

8. 75 




I Sample from commercial field. 


When benzene hexachloride was applied to the soil in the year 
prior to that in which the potatoes were grown, the results were less 
conclusive. In two tests Nos. 3 and 4 (tables 3 and 4), the tasters 
were able to distinguish between samples that had been grown on 
treated and untreated soil. In test No. 3 in which the random order 
of tasting was followed, the scores differ significantly (P<0.001) 
from one another and are related to the dosage of the insecticide. 
The difference between the two scoi^es at the 50-pound level probably 
indicates irregularity in the effect of the chemical on the individual 
potatoes. Hence, it would be advisable to take samples from a larger 
number of potatoes (a procedure which since has been adopted). 
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Wlien the samples were tasted in a predetemimed order (test No. 4) , 
the ta.sters distinguished between the samples grown m treated and 
untreated soil (P. <0.001) but apparently found no difference between 
the two dosages of insecticide (P>0.9). The response to a given 
sample apparentlv was unaffected by the subject’s response to the 
preceding sample! In contrast, when 4 samples from soil treated 
with 50 pounds per acre and 4 samples from untreated soil ivere com- 
pared (test No. 5, table 5), the distribution of correctly identified 
samples in the series of 8 might have occurred in 58 out of 10 cases 
ill the absence of any ability to discriminate between treated and 
untreated samples. 'The poor quality of both the treated and un- 
treated potatoes and the lack of reference samples may have made 
the judging more difficult in this case even though all of the tasters 
were experienced. Although the soil was treated the year before 
with benzene hexacbloride, any off-flavor detected in the potatoes was 


Table 3. — Total scores showing extent of off-fiavor in potatoes grovm during 
J947 in soil treated tcith henzene hexachloride in 1946 at different dosages in 
pounds per acre 


Test No. 

Number 

of 

tasters 

Total scores at pounds-per-acre 
dosages of— 

0 

734 

50 ' ' 

50 

3.. 

27 

-10. 61 

-6. 86 

VI 99 

3.54 



Table 4. — Nuwher of su'bjects reporting off-flavor present and ahsent in test 
No. with potatoes grown in soil treated with henzene hexachloride in 1946. 
The samples were tasted by each subject in the order shown ^ 


OfT-flavor rated as 


Number of subjects detecting ofT-flavor 
with following order of tasting at 
poiinds-per-aore dosages of— 


: : 1 

0 

734 '' 

50 

0 

present- i 

6 

15 

13 

(> 


n 

5 

7 

14 

Absent .. j 




‘ Treated vg. untreated; F<0.001 

734 lb. vs. 50 Ib.; X^-O.iaO, 1, F>0.9 


\tMLE 5. — Results in palafalnlity test No. 5, consisting of 4 samples of potatoes 
grown during 1947 in soil t rented in 1940 with 50 pounds per acre of benzene 
hexachloride and 4 samples of potatoes from untreated soil’^ 


Number of samples correctly identified 

Frequenoy 

Observed 

Expected 

,0 '■< ’ 


0 31- .. 


' 6 

5 

4: 

9 ' 

11 3 

6 .V. ■-.A ' 

'. 7''' 

5 01 - 

:S.. ■ ... < ■ ■■■ ■ ^ 



Total ' ■■■!■ ■ ■ ' 

,'22 

21.- 9 



Comparing observed and expected frequencies, X2«l.X06, n«2, P«0.58. 
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like that found in the crop grown the year the soil was treated. But, 
some of the tasters reported that the flavor was less naarked. 

The results of tests on the pure gamma isomer of benzene hexa- 
chloride are shown in table 6. The two samples of potatoes were 
collected from each of two plots which received the same treatment 
and from an untreated plot, all in the same field. As indicated by the 
significant mean square in the first row of the analysis of variance, 
the tasters distinguished the treated from the untreated potatoes. 
Although plots I and II were replicates, the potatoes from one plot 
tasted more strongly of the insecticide than those from the other. The 
tasters described the flavor, when detected correctly, as acid, strong, 
slightly earthy, or medicinal, terms similar to those used for benzene 
liexachloride. Several tasters found the flavor less objectionable than 
in former tests and others reported no after taste. 

CHLOKDANE 

Although the scores for the different samples in the chlordane 
test (No. 7, tabled) differed significantly (P<0.05) from one another, 

Table 6. — Total scores for B5 sul)jects showing extent of off -flavor, in dupUcate 
samples from 2 plots of potatoes hoth grown in soil treated with 0.25 pounds 
per acre of pure gamma hensene liexachloride, test No. 6, and the accom- 
panying analysis of variance hetween the scores 




Plot I 

Plot 11 

Item 

! 

Sample 1 

Sample 

Sample 1 

Sample 2 

Total scores 

-10. 13 

-3. 91 

-5.49 i 

10.82 

8.77 



Source of variation 1 

Degrees of 
freedom 

Mean square 

F 

Untreated vs. treated - 

1 

5. 1430 

1 9. 44 
1 16.4 

treated plots ' 

1 

8.4042 

.0670 

Between samples within plots 

2 

Remainder - - - 

96 

.5460 





1 Significant at P <0.01. 

Table 7.— Total scores showing extent of off-flavor in potatoes grown m soil 
treated with chlordane and with chlormated camphene 


Soil treated with— 

Test 

No. 

Number 
of tasters 

Total scores at pounds-per-acre dosages of— 

0 

1 

2 

'a ' 

'■ s'.'.. 

Chlordane. 

7 ' 

m 

-4. 65 

7,84 i 


-8. 49 

" 7.34 

'■ -2.14, 

Chlorinated camphene 

8 

26 

-4.22 

-7.78. 


13.11 ; 

-1.76"; 

■ .65, 




Total scores at pounds-fyer-acre dosages of— 




0 ■■■' 

■■■I,"-;'.. '"I 

■'1^ 

:2' ,;J 


Do........................... 

. 9 i 

■'23;: 

-3.01 

; -10.65' ' :j 

2.07 

■ .' , ^ um"\ 
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tiler© Wtis no apparent relation between tbe close of insecticide and 
the intensity of off -flavor. Any oil-flavor- was described as metallic, 
iiiiisty, oily, or clieiiiicaL Several remarked that no sample had a 
strong or objectionable flavor. ' . 

CHLORINATED CAMPHENE 

Table 7 also gives the total scores for tests Nos. 8 and 9. The rela- 
tion between dosage and total score was not consistent in either test. 
Although scores for the different dosage levels differed significantly 
from one another, the average score for the treated samples did not 
differ from that for the untreated potatoes. Since the duplicates 
differed significantly from one another in test No. 9 it is apparent that 
factors other than the insecticide affected the flavor. The flavor was 
described as metallic, musty, oily, slightly old., tinny, and earthy. 
Some found the flavor not objectionable. Uhlorinated campliene met 
with more disfavor, however, than did chlordane. 

COMMENTS 

Although the results from a single crop-year are not wholly con- 
clusive, they are being I'eported because of their economic importance. 

The commercial dosage for wireworm control for the insecticides 
tested is 2 pounds per acre. Greenwood ^ reported that benzene 
hexachloride applied as dust is effective at the rate of 2 to 2.5 pounds 
per acre when applied broadcast and at the rate of 1.32 pounds per 
acre as row treatment. Since benzene hexachloride could be detected 
at a level of 1 pound per acre, and since the flavor is particularly ob- 
jectionable, its use as an insecticide for control of wireworm in potatoes 
cannot be recommended. 

Further experimentation is needed before definite statements can 
be made in relation to chlordane. Variations in the chlordane scores 
indicate that broader sampling would be advisable. Further tests 
with chlorinated camphene also would be necessary before drawing 
conclusions as to its effect on the flavor of the potatoes, but it has been 
found to be ineffective in controlling the wireworm. 

SUMMARY AND CONCLUSIONS 

Palatability tests were conducted on the presence of an off-flavor in 
cooked potatoes grown in soil treated with either benzene hexachloride, 
chlordane, or chlorinated campliene for the control of wireworm. 

In the case of benzene hexachloride, the intensity of the flavor in- 
creased with the dosage of insecticide and was detected even at the 
minimum level tested of 1 pound per acre. The flavor was particu- 
larly objectionable. Although inconclusive, the evidence suggests 
that potatoes gi‘own in soil treated in the preceding year carried the 
same flavor. Apparently the pure gamma isomer oi benzene liexa- 
chloride also imparted a foreign flavor to potatoes but the flavor was 
less objectionable than with the crude fomi. 

Tests wdth potatoes grown in chlordane-treated soil were incon- 
clusive but any resulting flavor from chlordane was much less ob- 
jectionable than the flavor of benzene hexachloride. 

The evidence for chlorinated campliene also was inconclusive. 
However, its flavor seemed to be more objectionable than that of 
chlordane. 



THE DIGESTIBILITY AND METABOLIZABILITY BY 
LAMBS OF A STANDAKD RATION OF ALFALFA AND 
CORN AND ONE CONTAINING COTTONSEED HULLS ^ 


R. M. Forbes, Assistant Professor of animal husbandry, and W, P. Gabrigus, 

chairman, Animal Industry Group Kentucky Agricultural Experiment Station 

INTRODUCTION 

In a large section of this country cottonseed hulls are fed extensively 
to cattle and sheep. Since hulls are extremely low in protein and are 
relatively unpalatable, cottonseed meal is frequently fed with them. 
Such rations may be adequate in protein and in energy, but will be 
deficient in calcium, carotene, and vitamin D. 

Studies reported in this paper were made in the course of investiga- 
tions whose object was to formulate nutritionally adequate rations 
containing significant quantities of cottonseed liulls ancl to compare 
them with a standard ration of alfalfa hay and corn, using sheep as 
experimental subjects. 

REVIEW OF THE LITERATURE 

The first reports dealing with the digestibility of cottonseed hulls 
were made by Harrington {lOy in 1891 and Emery and Kilgore 
The Texas investigator {10) found that five steers digested 41.6, 5.7, 
78.0, 30.4, and 41.1 percent respectively, of the dry matter mrotein, 
either extract, nitrogen-free extract and fiber. The North Carolina 
report {&) states that a cow in late lactation was given 21 pounds of 
cottonseed hulls daily but never completely consumed this amount. 
From a 4-day collection of feces digestion coefficients were calculated 
as follows : Dry matter 35.9, protein 24.6, ether extract 80.6, nitrogen- 
free extract 40.3, and crude fiber 27.1 percent. These early reports 
indicate that cottonseed hulls constitute an extremely low-grade feed. 

Results of further investigations at the same institutions by Fraps 
{9) and by Emery and Kilgore (5), involving a cow, two goats, and 
five sheep, differed from those reported previously in that digestibility 
of protein was a negative value in all cases but one. The apparent 
digestibility of protein by a goat amounted to 1.2 percent. 

The results obtained from these investigations represent the avail- 
able data on the direct determination of digestibility of cottonseed 

^The investigation reported in this paper was made as part of a project of 
tbe Kentucky Agricnltnral Experiment Station and is published by permission 
of , tUe' Director. , 

^Italic numbers in paraatbeses refer to Literature Cited, p. 488. 
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hulls. The Texas and North Carolina stations have also computed 
digestibilitv by the indirect method: Fraps (7, 8, 9), Fmery amcl 
Kilgore (2“ 3, 4). One cow, 10 sheep and 9 steers were used m the 

expermieiits from wliieli the computations were made, llieie was a 

consistently negative protein digestibility (12-61 percent) 

hulls were^ fed with alfalfa hay, with cottonseed meal and alfalfa 

hay, or with cottonseed meal alone. The average total ciigestMue 
iiiitrierits of cottonseed hulls as calculated by Schneider {11) lioiii the 
data referred to above are as follows * For cattle 45.2 percent, and lOi 
sheep 52.8 percent on the dry basis. The digestible protein content 
cf the hulls averages -0.6 percent, according to the same author. 

EXPERIMENTAL PROCEDURE 

In view of the obvious effect of associative digestibility exhibited 
b}' cottonseed hulls in earlier work, an effort was made to determine 
the digestibility and metabolizability of complete rations only. 

The experimental animals were five wether-lambs bred on the experi- 
ment station farm. Throughout the experiment (fall of 1947) they 
were maintained in metabolism crates. The composition of rations 
fed is shown in table 1, Ration 1 was composed of 44.5 percent of 
good-quality chopped alfalfa hay and 55.5 percent of yellow corn. 
Ration 2 was composed of 50.6 percent of yellow corn, 15.5 percent 
of cottonseed meal, 4.0 percent of alfalfa leaf meal, and 29.9 percent 
of cottonseed hulls containing 10 percent of molasses. The rations 
were so compounded as to be nearly equal in gross nutrient content. 

Sufficient feed was mixed and weighed in individual portions before 
each trial to last throughout a 10-day preliminary period and an 8-day 
collection period. During the latter period feces and urine were col- 
lected daily. Feces were preserved by drying the total daily samples, 
separately. At the end of the trial these samples were mixed, ground, 
and sampled carefully for analysis. An aliquot of each day’s urine 
collection was preserved with acid and refrigeration. These daily 
aliquots were mixed and sampled for nitrogen and energ}^ determi- 
nations at the end of the experimental period. Analyses of feed and 
feces were made by the usual procedures. The urinary nitrogen was 
determined by the’Kjeldahl method and the urine energy by a modifi- 
cation of methods used at the Illinois and Pennsylvania stations. 

Metabolizable energy of the rations was calculated from data ob- 
tained as indicated in the preceding paragraph and by using the 
equation, E=2.41X+9.80, to calculate the methane produced by fer- 
mentation; see Swift et ah (Jd). Correction for nonmetabolizable 
portions of protein gain was also made. 


Tabus 1. — Composition of rations fed to lambs {air-dry basis) 


: ■ ':Eal'ioa. No. ■ '■ 

Dry 

matter 

Protein 

Fat 

Fiber 

Nitrogen- 
free extract 

Asb 

Energy 

1 

Percmt 
89.7 
91. 5 

Pm-emt 

t%d 

ms 

Peremt 

3.09 

2.60 

Percent 

13.7 

15.5 

Percent 
: 67.7 
68.2 

Percmt 
2.9 
■ 2.7 : 

Calories 

per 

kilogram 
4, 081 
4, 101 

2.,. 
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Since a detailed description of the method used in determining the 
energy content of the urine was not found in the recent literature, 
a convenient technique is described. 

The urine aliquot, preserved with acid, is neutralized with alkali. 
Fifteen ml. of this aliquot are placed in an evaporating dish and dried 
at 60° C. until a thick syrup is formed. Then wnth the aid of hot dis- 
tilled water and a stirring rod the sample is transferred to a combus- 
tion cup containing a weighed amount of cellulose block. This mate- 
rial is redried and a second washing is made from the evaporating 
dish to assure complete transfer of the urine. At this time the block 
is distributed over the cup by shredding with a pointed glass rod. 
After a final drying the sample is ready for combustion in the calo- 
rimeter. 

The gross energy content of the cellulose used must of course be 
determined by separate analyses and this value subtracted from the 
total heat evolvecl. Since some nitrogen will be lost in the course of 
drying, samples must be prepared in the same way as for the energy 
determination, and the loss of nitrogen by drying determined by the 
Kjeldahl method. If it is assumed that the nitrogen lost originated 
from urea, each gram of nitrogen lost will represent a loss of 5.424 
calories. Under the conditions of the experiment this loss of energy 
in drying amounted to from 2 to 4 percent of the gross energy of tlie 
urine. 

RESULTS AND DISCUSSION 

Table 2 presents a summary of the data obtained. All differences 
observed between the two rations are statistically significant at the 
1-percent level except those for fiber digestibility. 

From the data given in table 2 it may be determined that the lambs 
on the supplemented ration digested 91 percent as much dry matter, 
82 percent as much protein, 117 percent as much fat, 92 pei'cent as 
much nitrogen-free extract, and 93 percent as much energy as on the 
alfalfa hay-corn ration. Sixteen percent of the digestible energy of 
the alfalfa hay-corn ration and 15 percent of that of the supplemented 


Table 2. — Percentage digestibility of rations'^ for lambs, and metaboUmble 
energy expressed in calories per kilogram and as percent of the gross energy 


Lamb No. 

Eation 

No. 

Dry 

matter 

Protein 

Fat 

Fiber 

Nitrogen- 

free 

extract 

Energy 

Metab- 

olizable 

energy 

[: 

Energy 

I 

1 - 

, 

1 

79.3 

1 ' 

77. 0 

72.7 

^,2 

87.6 

77.8 

Calories 

per 

kilogram . 
2,981 , 

Percent- 
age of 
gross 
65.6 


2 

72.4 

61.7 

87.4 

52.2 

81. 3 

71.7 

2,788 

<50.9 

5.... — 

1 

77.8 

72.8 

74.0 

56.3 

86.5 

76.3 

■ 2, 933 

64.3 


2 

70.2 

58.6 

86.3 

1 50.1 

79, 5 

69,4 

2, 711 

69, 1 


", t ■■ 

79. 7 

78.5 

72.0 

, -55.8. 

88 . 4 

78.4 

3,008 

66.0 


2 

72.0 

67,3 

86.2 

56.0 

■. 77.. 7 

71.0 

2,760 

60.3 

'7-.... 

1 

76,5 

73.4 

68.2 

!" 53,8' 

84.9 

74.6 

2,850 ; 

62. 6 


", 2 

1 71.8 

[, '60.7 

85.9 

[ ' 63,8 

; 80.4 

70.8 

2,743 

59.8 


■ ■ ■■•' 1 

:■ 78.4 

. ', .,7S...6 

746 

''..SO. 4 

■.'86... 2 

76.9 

2,979 1 



":2' 

.*72. 1 

60.5 

78.9 

51.2 

81.9 

70.7 

: '■2,.744':i 

■ J9.."8 

Average!- 


78.3 

76.4 

72.8 

: 64.9 

f .. .■■86.t' 

76-8 

2,950 ! 


' '2' 

" ,71.7 

[' : 61.. 8’. 

|. ■:84.7' 

j mZ" 

,'80.2 

' .. ..,70.7 i 

2,749 

60.0 


1 As explained in connection with reference to table 1, ration 1 was composed of 44.5 percent of good-quality 
chopped alfalfa and 65.5 percent of yellow corn. Bation % was composed of 50.6 percent of yellow corn, 15,5 
percent of cottonseed meal, 4.0 percent of alfalfa leaf meal, and 20.9 percent of cottonseed hulls containing 
10 percent of molasses. 
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liiill 1 ‘ai'ioii were lost to tlie animals. by, way of urine cind ferinentatioii 
in tlie gastro-i.ntestinal tra(*t. Althougli of si:milar gross energy con- 
tent, tlie sii|>|)leiiiented luill ration contained only 1)t> periyTit as iiiiieli 
iTietabolizable enei*gy as tlie alfalfa lia..y-eor.n .ration. This difference 
was due to tlie lower digestibility of the former ration. 

Ill yieiy of the similarity of composition of the rations, as judged by 
the usual feed analyses, it Avas ewident that some factor other than 
those shoAAui by aiiaiysis Avas affecting the digestibility of the rations. 
Lignin analyses, made by the 72 percent H 2 SO 4 method as modified 
by Ellis, Matrone, and Maynard (7) gave a possible clue. The lignin 
content of the alfalfa hay-corn ration Ayas 4.40 percent and of the 
supplemented hull ration 9.45 percent, on the dry basis. Preyioiis 
studies at this station by Forbes and Garrigus (6) have sliOAvn a close 
correlation betAveen lignin content and digestibility of pasture for- 
ages. Tlie present inyestigatioii also indicates a possible influence 
of lignin on the digestibility of mixed rations. 

The common explanation for the inliibiting effect of lignin on di- 
gestibility is that the lignin forms a mechanical barrier to the action 
of digestive juices. Such an explanation, hoAveyer, does not explain 
all the observations of this study. For example, although a very 
minor portion of the total protein of the supplemented hull ration 
Avas contained in the highly ligiiified hulls, the lignin apparently 
lowered the total protein digestibility by 18 percent. The supple- 
mented hull ration Avas more compact than the alfalfa hay-corn ra- 
tion, although the hay in the latter ration Avas chopped into about 
1-inch lengths. It is possible that rumination by animals receiving 
the more compact ration was less extensive. Such a finding has been 
made in studies with dairy heifers by Swanson and Ragsdale (7^), 
although they found no difference in digestibility between chopped 
and finely ground hay. The compactness of the supplemented hull 
ration might be a factor in causing the difference in digestibility be- 
tAveen the two rations. Another factor might be the presence in 
cottonseed hulls of some substance inhibiting the normal action of 
the rumen microflora or the digestive enzymes. Wise (74-), in sum- 
marizing the action of bacteria on lignin, notes that isolated lignin 
is sometime inhibitory to bacterial groAvth. However, a similar effect 
of lignin ^Tn situ’’ has not been proven and specific data on this sub- 
ject, must a Avait further investigation. 

The data here presented also afford eA^idence that under some circum- 
stances the material analyzed as lignin by the method used in this 
study may be digested appreciably by ruminants. Ninety-seven per- 
cent of the lignin fed in the alfalfa hay-corn ration AA^as recoverea as 
compared with 85.7 percent wdien the supplemented hull ration was 
fed. It is possible that some of the resins and pentosans present in 
cottonseed hulls are not affected by the reagents used in the lignin 
analysis but are subject to some degree of change in the digestive tract 
of the sheep. 

The average daily nitrogen balance of the lambs on the alfalfa 
liay-com ration Avas 2.86 grams (range 1.51 to 4.03) and that on the 
supplemented hull ration 2.59 ^ams (range 0.57 to 3.74). These 
values are not significantly different. 
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Carotene analyses were not made but calculations based on average 
publislied analyses showed that the rations might be expected to con- 
tain an adequate amount of this nutrient. The supplemented hull 
ration contained only 70 percent of the recommended allowance of 
calcium. This deficiency would not be likely to affect the results of 
an experiment of this type. 

In view of the desirability of expressing the nutritive value of ra- 
tions in terms of metabolizable energy, it is of interest to compare the 
results obtained in this experiment with those calculated from digest- 
ible nutrients by the method of Axelsson, cited by Forbes and Thacker 
{6 ) . In this computation the following factors were used per gram 
of digestible nutrient : Protein 4.4, fat 8.0, fiber 2.9, nitmgen-free ex- 
tract 3.7. Table 3 shows the estimates of metabolizable energy ob- 
tained by the method of Axelsson (calculated) and in this experiment 
(experimental). 

Axelsson’s factors were derived for use in determining the metabo- 
lizable energy of rations for cattle, but the data presented herewith 
show that these same factors may also be useful wdth rations for 
sheep. 

Table 3. — Gomparison of methods of calculating metaloUmhle energy of rations 

for sheep 


Metabolizable energy (calories per kilogi’ara of feed) 


Lamb No. 

Alfalfa hay-corn ration 

Supplemented hulls ration 

Calculated 

Experimental 

Calculated 

Experimental 

1 

3,006 

2, 981 

2 , 738 

2,788 

5- 

2, 948 j 

3, 008 

2,663 

2, 711 

6, 

3,019 ! 

2,850 

2,700 

2,760 

7 

2,887 

2,979 

2, 713 

2,743 

9 

2, 940 

2,950 

2,719 

■"'2,744 

Average... 

2,960 

2, 950 

2, 707 

;2,749 


SUMMARY 

The digestibility and metabolizability of two rations by sheep are 
reported. Ration 1 was composed of alfalfa hay and corn, while 
ration 2, vsimilar in gross nutrient analysis, was composed of corn, 
cottonseed meal, alfalfa leaf meal, cottonseed hulls, and molasses. 

The lambs fed ration 2 digested 91 peixent as much dry matter, 
82 percent as much protein, 117 percent as much fat, 92 percent as 
much nitrogen-free extract, and 93 percent as much energy as did 
those fed ration 1. Of the digestible energy of both rations 85 per- 
cent was metabolizable. 

The metabolizable energy of the rations as calculated from this 
experiment was in close agreement with that calculated by the method 
of Axelssom;" , ■ ■: ' 

A convenient method for determining the gross energy value of the 
urine is described. 
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STABILITY OF CAROTENOIDS IN GROUND 
DEHYDRATED CARROTS^ 

By G. R. Stocking, assistant hotanist, and T. E. associate dotamst, 

Division of Botany, California, Agrioultural Experiment Station. 

INTRODUCTION 

§ 

The possibility that antioxidants might protect the carotene pig- 
ments in dehydrated carrots was suggested by the observation (Weier, 
8) that these pigments dissolved in intracellular oil droplets when 
small pieces of carrot root were dried. Upon storage the pigments 
disappeared from the oil droplets whereupon they gave a positive test 
with Schiff ’s reagent, indicating the occurrence of oxidative rancidity 
in the oil. It seemed possible that the addition of an antioxidant to 
the oil droplets Avould retard pigment degradation in dehydrated 
carrots. 

Since in blanched, but undried carrot dice, as much as 90 percent of 
the pigment may disappear in 24 hours, the first tests were carried out 
on this type of material (^, 10 ).^ Positive results were obtained: 
ascorbic acid, nordiliydrogiiaiaretic acid, oxalic acid, and phosphate 
buffer at neutrality greatly retarded pigment breakdown. That an- 
tioxidants will also protect the pigment in dehydrated carrots has 
been shown in some preliminary tests ( 11 ). 

Lovern (4) and his associates studied the influence of antioxidants 
on the shelf life of dehydrated carrots. They found that under cer- 
tain conditions, the pigment in ground dehydrated caiTots received a 
slight amount of protection while that in dehydrated dice did not. 

The problem of protecting the carotenoid pigments in dried carrots 
is complicated by a number of physical factors that are not present in 
experiments on pure pigments in pure solvents. Some of these factors 
are the following : 

(1) The concentration of the pi^ent and the nature of the oil in 
which the carotenoids ai'e dissolved is not known. 

(2) The particulate nature of the oil-pigment complex presents an 
enormous surface which is unquestionably a factor in the oxidation 
of the pigment. Both the area and chemical nature of this surface 
are of importance. 

^ Received for publication August 30, 1948, This paper reports research under- 
taken in cooperation with the Quartermaster Food and Container Institute for 
the Armed Forces, and has been assigned number BOS in the series of papers 
approved for publication. The views or conclusions contained in this report 
are those of the authors. They are not to be eonstrued as necessarily reflectiiig 
the views or indorsement of the Department of the Army. The work was done 
at Davis, 'Calif. 

® Italic numbers in parentheses refer to Uiterature Cited, p. 501 , 

Journal of Agricultural Research VoL 78, No. 11 
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(3) The cellular structure of the carrot root, va^uiig in different 
regions of the root, must influence the rate of diffusion of the oxygen 
and conseqiieiitfy tlie rate of oxidation of oil and pigment. 

(4) Caihohydrate content, particiilarly starch, which becomes 
gelatinized during blanching, may be a factor in limiting tlie rate of 
pigment cl egTadati on. 

(5) The total amount of pigment present in the dried dice is likely 
to influence the rate of breakdown. This factor may not be, however, 
directly related to the mass action law. The concentration of the 
pigment in tbe oil droplets may be uniform but there may be varia- 
tions in the number of oil droplets per unit volume. This would 
result in a great increase in surface with an increased rate of pigment 
breakdown. 

6) Natural antioxidants such as tocopherols are known to be pres- 
ent in carrots and they appear to have effect in protecting the pigment 
when it is concentrated in a natural oil extract. The relationship of 
such natural antioxidants and the oil and pigments in raw and de- 
hydrated carrots is not known. 

(7) Season of harvest and preprocessing handling may influence 
the stability of the pigment. 

Although the main interest of these investigations as indicated 
was the eventual testing of the influence of certain antioxidants on 
the rate of breakdown of the carotenoid pigments, certain details 
regarding the breakdown of the pigments in blanched dehydrated 
carrots under accelerated storage must first be asceidained. This 
paper discusses the variation in the pigment concentration in carrot 
roots during growth and the localization of the pigment within the 
root. Rates of breakdown in dehydrated carrots under accelerated 
storage conditions are reported for the total pigment complex, for 
alpha and beta carotenes, and for the more strongly adsorbed caro- 
tenoid components. The influence of temperature and oxygen con- 
centration on the rate of pigment degradation is also discussed. 

MATERIAL AND METHODS 
PREPARATION AND STORAGE 

Imperator carrots (Ferry-Morse seed) were used in these studies. 
Unless otherwise stated all carrots used were grown in Davis and 
harvested immediately before needed. 

Diced carrots were prepared for the storage experiments by blanch- 
ing in steam for 5 minutes, after which they were dehydrated at 140 
F. for 8 to 10 hours to 6 to 7 percent moisture, by the 40-hour vacuum 
oven method, in an experimental dehydrator built by the Agricul- 
tural Engineering Division of the University of California. After 
drying, the dice to be used in the accelerated storage tests were ground 
to pass a 20-mesh sieve. In order to insure uniform particle surf ace, 
the fine particles were sifted through a 48-mesh sieve and discarded. 
Five-gram samples of these ground carrots were stored in stoppered 
300-ml. Erlenmeyer flasks which were opened at regular intervals. 
When larger amounts of ground carrots were stored, unless otherwise 
stated, atmospheric oxygen was available to the sample. 
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PIGMENT DETERMINATION 

For total pigment determinations 0.1-gram alic]_uots of the dehy- 
drated material were rehydrated by pouring boiling water over them 
and allowing them to stand for about 30 minutes. The water w'as 
decanted off and the pigments were completely extracted in acetone 
and made up to 100-ml. volume. The optical density of this solution 
was measured on a Luinetron Colorimeter using a 440-mja filter. Since 
in the majority of these tests the ihginents were not separated it 
seemed unwise to express the results as milligrams of beta carotene. 

All extracts were handled in low actinic red glassware and when 
measurements were not taken immediately after preparation of the 
extract it w'as kept at 4° C. All measurements were made within 24 
hours of the preparation of the extract. 

In connection with storage and antioxidant investigations of dehy- 
drated carrots, it is convenient to use carotenoid degradation rates 
in determining deterioration of quality. In its simplest form such a 
procedure involves the extraction of the total pigment with acetone 
and the detei^mination of the total optical density of this crude extract 
wdth a photoelectric colorimeter, as just described. Carrots, however, 
contain a series of polyene compounds. Consequently, in a detailed 
investigation, of storage changes it is important to ascertain the rela- 
tive stability of at least the major members of this series and to deter- 
mine whether there is any selective antioxidant effect upon them. 

The approach to this aspect of the problem was divided into twm 
paids, {1) a study of pigment changes with growth of the carrots, and 
(£) , a study of the stability of individual pigment components in 
dehydrated carrots under accelerated conditions of storage and subject 
to antioxidant treatments. 

Samples w^ere taken for chromatographic analyses from the i^egu- 
larly prepared and stored material. One-gram portions were rehy- 
drated, drained, extracted with acetone, transferred to petroleum 
ether and washed three times with water. They were then clried with 
anhydrous sodium sulphate and evaj)orated under vacuum at room 
temperature in the dark to about 1- to 2-ml. volume in most cases. 

The chromatographs were prepared on 1 : 1 magnesia ^ Super-Cel 
columns (13-mm. diameter) using petroleum ether as a pigment 
solvent. Petroleum ether with 4 percent acetone was used for the de- 
velopment. About three-fourths of an inch of anhydrous sodium sul- 
phate was placed at the top of the column to insure complete removal 
of all moisture before development. 

The columns were proteeted from the light and adequate precau- 
tions were taken to prevent drying. After the development the in- 
dividual components were either collected as liquid fractions below 
the column or the column was pushed out and immediately divided 
and the individual bands placed in acetone. In the latter case (the 
usual procedure) the adsorbent was removed from the pigment frac- 
tions by filtering through fine sintered glass filters and w^ashing with 
acetone. Thus optically clear solutions of the individual fractions 
were obtained. 

® Adsorptive powdered magnesia No. 2641, Westvaeo Chlorine Products, 
Newark, Calif. 
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In general only three groups of pigments were separated: (1) 
Alpha carotene, (2) beta carotene, (3) the balance of the carotenoids 
called group “A” for convenience. In some runs zeta carotene (which 
is adsorbed just above beta carotene) was also determined. After 
preparation and proper dilution of the samples the absorption of light 
by each was measured, using a photoelectric colorimeter and a 400-m/i, 
filter. The results are reported as relative optical density calculated 
on the basis of the pigment in 1 gram of dehydrated carrot dissolved 
in 100 ml. of solution. 

Losses in transferring to petroleum ether and in chromatographing 
were determined and recovery ryas usually more than 90 percent based 
on photoelectric determinations using the MO-m/i, filter. Table 1 shows 
a typical set of analyses with losses in total pigment incurred in the 
process. 

Losses in individual fractions were also checked to see whether there 
were significantly greater losses in one fraction than in another. The 
alpha and beta "carotene fractions were rechromatographed to cle- 
termine whether the percentage lost by either fraction was signifi- 
cantly greater than the total loss for tlie combined fractions. Table 
2 shows that in both cases appi-oximately the same percentage of loss 
was obtained as when total pigment was used. 

Table 1. — Percentage recovery of total carotenoid pigment after chromatograph- 
ing from sample of Manchedf dehydrated, ground carrots stored at Jfi° 0, 


[Figures are optical density determinations made with a photoelectric colorimeter using a 440-mja filteii 


Item measured 

July 25 

July 29 

Aug. 1 

Aug. 5 

Aug. 8 

Optical density before chromatographing 

Optical density after chromatographing — 

Percent recovered - 

3. 645 
3.422 
93.8 

3.630 
3. 512 
96.8 

1 

3. 655 
3.367 
92.2 

3. 380 
3. 190 
93.4 

3. 080 
2 960 
96.0 


Table 2.-— Losses in individual carotenoid pigments during rechromatographing 
[Figures are in relative optical densities determined using a 440-mAt filter and a photoelectric colorimeter] 


Fraction 

Before rechromato- 
graphing 

After reetiromato- 
graphing 

Pereent lost in re- 
ohromatographing 

Oct, 19: 

Alpha carotene 

1.487 

1.399 

5.9 

Beta carotene 

2.617 

2. 438 

6. 8 

,Noy. 28: 

Alpha carotene - 

,■347 

.313 

9.8 

Beta carotene „ _ . . - 

. 335 i 

.310 

7.5 

Group "'A”.. 

.177 

. 165 

7.0 


PIGMENT CHANGES WITH GROWTH OF CARROTS 

It has been reported (S) that there is no marked variation in the 
ratio of alpha to beta carotene with growth of carrots during a period 
of from 9 to 26 weeks after germination, although the total carotene 
content increased about 25 times during this period. A further test 
of Uiis point, particularly during the early stage of growth, was made 
in the present study. Changing concentrations in the various caro- 
tenoid fractions from the third to the ninth week of carrot growth are 
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shown in figure 1. It should be noted that the results reported are 
optical densities obtained using a 44:0-m/^ filter and are not absolute 
values of carotenoid concentration. 

Because of the lack of complete uniformity of germination and 
growth the caret enoid concentrations per unit fresh weight of carrot 
are plotted against the average weight of individual carrots rather 
than age. The last points on the graph show the pigment content of 
9-week-old carrots whose average vreight was 10.8 gm. per carrot. Car- 
rots of uniform size were selected for each set of determinations. The 
first determinations were made when the seedlings were from 2 to 8 cm. 
in length and averaged 0.066 gm. fresh weight (90 percent water). 
Two hundred and fifty-nine carrots were used for the analysis. The 
last determinations were made on carrots 15 cm. long and 10.8 gm. in 
weight. Only seven of these carrots were used in the analysis. 



Figuee 1.— -Changes in carotenoid pigments in carrot roots during growth. Den- 
sities based on 10 gm. of fresh carrot per 100 ml. of solution. (Group 
includes all earotenoid pigments more strongly adsorbed than beta carotene-) 


The results show that the very young seedlings contain less alpha 
and beta carotene than the remainder of the carotenoid pigments — 
chiefly strongly adsorbed carotenols. During the development of the 
caiTot the concentration of the carotenols within the tissue remains 
relatively constant while there is a uniformly rapid increase in alpha 
and beta carotene. There is some indication that beta carotene is 
present in a slightly greater proportion in the young carrots than in 
the older ones, i. e., the ratio of beta to alpha carotene dropped from 
3.5 to 1.6 and then increased to slightly over 2 which was about the 
ratio found in the mature carrots of these plantings. The ratio of 
the beta and alpha carotene to the balance of pigments increased from 
0.61 in the first sample to 3.8 in the 9-week-old carrots. In mature 
carrots of this strain this ratio is between 8 and 9. 


841032 — 49 - 
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These data would indicate that oxidized carotenes, or perhaps color- 
less polyenes which were not determined, are the inajoi* polyene com- 
ponents ill carrot seed, and that the alpha and beta carotenes are 
formed chiefly upon germination and growth of the seedling, being 
laid down in the manner of a waste product, and are at no time drawn 
upon to any appreciable extent as a reserve. On the other hand, the 
carotenols appear to be of fairly uniform concentration during the 
development of the carrots and presumably occur in high concentra- 
tion in the seed. Tins is an agreement with conditions found by Strain 
(7) for barley seeds. In this latter case the principal constituents of 
seeds Avere the xanthophylls, carotenols with large amounts of flu- 
orescent colorless materials and small amounts of beta carotene being 
present. Unfortunately, limitations of facilities prevented the de- 
termination of the colorless polyenes such as phytofluene. 

The population of the plantings of Imperator carrots used in this 
study showed a fairly wide range of color. Chromatographs showed 
tliat in general the concentrations of alpha and beta carotenes and 
consec|uently of the total pigment concentration were considerably 
increased as the depth of color increased in carrots of the same age in 
any planting. The lightest colored carrots in any planting had tlie 
gi'eatest proportion and the greatest absolute amount of carotenoids 
other than alpha and beta carotenes. In the storage experiments 
described later, the light-colored carrots were not used. 

Harper and Zscheile {^) have reported that several varieties of car- 
rots have a greater proportion of carotenols in the xylem than in the 
phloem, which had a predominant amount of beta carotene. Certain 
of the storage experiments in the present investigation involved the 
use of phloem and xylem tissues separately. The summary of the 
results of chromatographic separation of the pigments in comi^osite 
samples of these two issues, shown in table 8, agrees with the general 
conclusions of Harper and Zscheile. 


Tablk — Contri'bution &// the various carotenoid fractions to the total optical 
dcnsitp of piamcnt extracts of phloem and a‘ytem tissue m imperator tifmfer- 
proirri carrots 


Sample No. ■ 

Percent of total optical density 

''f'otal 

optical 

density 

Alpha 
carotene . 

Beta 

i carotene 

'*A” group 

1.— -Phloem . 

19.4 

73.3 

7.3 

2. 970 

2.-Phloem ' 

19.0 

73.3 

7. 7 

3.210 

Phloem 

21.1 

72.1 

6.8 

2.970 

4.--Xylein--. 

■ 14. 4 ' 

66.0 

19.6 

1 137 

5.— -Xyiem 

16.4 i 

67. 2 

16.4 

L092 


BATE OF ' PIGMENT BBEAKEOWH UNDER AOCEUERA'TED' STORAGE 

STORAGE IN AIR 
Totai. Pigment Degradation 

The dissolution of the carotenes in the oil droplets and the positive 

Schifl tests given by these droplets after the degradation of the pig- 
ment, suggested that the rate of pi^nent breakdown might follow a 
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typical fat-oxidation curve, and that an initial induction period, 
followed by a rapid rate of oxidation might be expected. With but 
few exceptions this type of breakdown was observed: There was an 
induction period of from o to 5 days followed by a period of increased 
rate of pigment breakdown, which was generally maintained until 
from 50 percent to 60 percent of the pigment was degraded. The 
points along this portion of the curve, in all experiments, fell on a 
straight line wdien plotted on standard coordinate i>aper (fig, 2). 
Regression lines were run for this portion of the curve for many ex- 
periments. The fit was unusually good, the standard error being 
between 2 and 4 percent. 

After the decomposition of 50 percent to 60 percent of the pigment, 
the rate of breakdown slowed greatly. This occurred in many ex- 
periments, regardless of treatment, in such a manner that the residual 
pigment content after long storage times — from 30 to 40 days in ex- 
periments with ground carrots — was approximately the same. 



Since the main interest was to extend the induction period and to 
greatly i^etard the rate of breakdown during the straight-line portion 
of the process no attention was paid to the latter stages of breakdown. 

Because of the shape of the breakdown curve it is of importance, 
when making comparisons between various experiments, to be certain 
that the same portions of the curve are being compared. 

The series of experiments herein reported extended over a period of 
2 years. In analyzing the data obtained it was necessaiy to know the 
extent of the variations . (1) in tests run at the same time on 
separate lots of carrots from one or more plantings, and (2) in tests 
run at different times on lots of caiTots from different plantings. 

In order to test the first point (the second will be discussed in a 
subsequent section) six series of tests were run on each of two plant- 
ings of carrots. The roots in one planting were 6 months of age, those 
in the second ?> months old. The results shown in figure 8 are those 
obtained from the younger roots. The older roots yielded figures 
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Figure 3. — Kate of carotenoicl degradation in six samples of blaiielied deliydrated 
ground carrots stored in air at 40° C. 


wliicli were so similar as to be difficult to include in a single small 
grapli together with tlie result of the younger roots. The curve shown 
is a standard regression line for the points involved. The standard 
error is 2,2 percent. Other significant data are show^n in table 4, 


Table 4. — Typical carotenoid 'breakdown in ground dehydrated carrots 

stored at 1^0° G, 


Age of roots 

Average 
carotenoid 
content in 
gamma of 
Eastman 
carotene per 
gram of 
dried carrots 

Initial 

optical 

density 

reading 

Percent 
breakdown 
per day 

I Percent 
breakdown 
20 days 

Standard 

error 

(percent) 

3 months. 

710 

0.240 

3.11 

56 

2. 2 

6 months 

1,260 

.420 

3. 49 

57 

3.2 



The stored samples of ground dehydrated carrots gradually lost 
weight during storage. A 5-gram sample of ground dried carrots 
under the storage conditions described lost approximately 0.26 gm. 
(5 percent)^ in 40 days’ storage. During 20 days’ storage, the normal 
duration or the majority of experiments, the weight lost was 0.07 gm. 
Carotenoid concentrations calculated for the 20-day storage period 
should therefore be decreased slightly. The error is small and rea- 
sonably uniform in all experiments, No corrections for it have been 
made. 

Degradation of Individual Pigments 

The characteristic curve representing pigment degradation in 
blanched ground carrots stored at 40° C. in air-tight containers is 
shown in figure 4, In this case no induction period was observed. 
This graph shows the contribution of alpha and beta carotenes and the 
more strongly adsorbed carotenoids to the total pigment breakdown 
curve. It should be emphasized again that the results represent only 
the optical density determined by use of the photoelectric colorimeter 
using the MO-mfi filter and should not be interpreted as representing 
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iTiGXJRE 4. — Rate of degration of individual carotenoid pigments during storage 
of blanched, dehydrated, ground carrots at 40° C. in air. Optical densities 
based on 1 gram of dehydrated carrots per 200 ml. of solution. (Group “A” 
refers to all carotenoids more strongly adsorbed than beta carotene). 

the actual concentration of the various pigment fractions. However, 
the values do represent the contribution of the individual components 
to the total optical density determined with the colorimeter at this wave 
length. It will be noted that the alpha and beta carotene fractions 
both have curves of the same general shape, and because they consti- 
tute the major portions of the pigment present, the total pigment 
degradation curve is of the same shape. Mackinney and Fratzke (^) 
have also observed that alpha and beta carotenes oxidized at about the 
same rate during storage of dehydrated carrots. 

The more strongly adsorbed pigments (zeta, gamma carotenes, and 
the carotenols) show a fairly constant density throughout the storage 
period with a slow decrease appearing only when the rate of break- 
down of alpha and beta carotene began to level oif. This might indi- 
cate that degradation products of alpha and beta carotenes contribute 
to the densitj^ of the more strongly adsorbed group. A further indi- 
cation that this is the case may be found in figure 6 which shows a small 
but definite increase in this group during the early storage period when 
there was a rapid breakdown of aljma and beta carotenes. This 
increase has been observed in a number of experiments. 

GAS STORAGE 

Hoffman, Lum, and Pitman (S) have studied the relation between 
rate of carotene degradation in dehydrated alfalfa and oxygen tension. 
They concluded ‘^that at least the initial rates of carotene destruction 
are very nearly proportional to the percentages of oxygen in the stor- 
age.” When oxygen tension varied slightly or not at all, i. e.,.when 
the gas mixture containing 3 percent oxygen was renewed daily, the 
rate of carotene breakdown was directly proportional to time. In 
their experiments the dried alfalfa meal occupied approximately 60 
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fierceiit of tlie storage container,' wliich was a Scliwartz U tube of 

about 26-CC7 capacity. , i ' * . -i 

111 the experiiiieiits 'with ground dehydrated carrots, herein reported, 
the 5 -giii. saiiiple in a SOO-ml. flask occupied about 1 percent of the 
Toliime of the container. The air in the container was renewed every 
3 or 4 days. Although gas analysis of the atmosphere within the con- 
tainers was not made the conditions of the experiment were such that 
variations of oxygen tension within the storage containers w^ere not 
a factor in determining the course of the reaction. 

Only one series of comparisons between O2, air, and CO2 was run 
(fig. 5). Some breakdown does occur in CO2, the nature of which was 
not determined. A comparison of the curves for air and Oo is of 
interest. The curve for rate of breakdown in air is, as usual, comprised 
of an induction period plus a straight line portion of rapid breakdown! . 



blanelied, dehydrated, ground carrots stored at 40® G. 

In oxygen the induction period is shorter and a tme straight line period 
of breakdown appears to be absent. Instead the points lie along an 
exponential curve. When these points are plotted on semilog paper 
a straight line results. This indicates that the lewder oxygen tension 
of the air is a modifying factor in the pigment breakdown. With a 
great excess of oxygen the points obtained suggest that the rate of 
pigment degradation is more closely proportional to the amount of 
pigment present. 

In spite of the straight line obtained for breakdown in air, xiignient 
concentration, at least at the start of the exj)eriment, influences the 
rate of pigment breakdown, 

A further study in which pigment breakdown was accelerated by 
storing the ground carrots in an atmosphere of oxygen showed that 
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alpha and iieta carotenes under these conditions undergo oxidative 
deeoin])osition at alxiiit tbe same rate. The I'atio of beta to al])ha 
carotene was 8.61 at th(‘ start of the experiment, increased to 4.14 at 
5 days, and was 8.11 at the end of 27 days when 90 percent of the 
pigment was destroyed. At the same time there was, however, a 
slight increase in the density of tlie strongly adsorbed pigments 
followed by a decrease (hg. 6). 



inaUEE 6. — Carotenoid degradation in blanched, dehydrated, ground carrots 
stored at 40° C. in oxygen. (Group refers to all carotenoids more strongly 
adsorbed than beta carotene.) Densities based on 1 gram of dehydrated 
carrots per 200 ml. of solution. 
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EFFECT OB'' TEMPERATURE 

One difficult j eiicoiiiitered in using accelerated breakdown tests is 
tiiat of establishing that the accelerated reaction is ^following a course 
that is similar to the slower reaction, about which information is 
desired. It has, for instance, been shown that rapid fat ^ oxidation 
at elevated temperatures is not strictly comparable to oxidation at 
lower temperatures (i). In order to determine the best temperature 
for studies on carotene degradation in samples of dehydrated carrots, 
pigment breakdown was followed at 30^, 40®, 50° and 60° C. It was 
found that the between 30° and 40° and between 40° and 50° C. 
remained constant at approximately 1.60 during the straight line 
period of carotene breakdown. The ratio between breakdown at 50° 
and 60 ° C. is not constant, decreasing gradually from 1.48 to 1.24 
(table 5 and fig. 7). Forty degrees centigrade was selected as the 



PiGTJRE 7. — ^Effect of storage teniperature on carotenoid degradation in blanched, 
dehydrated, ground carrots stored in air. 


experimental storage temperature with good assurance that the course 
of pigment breakdown at both higher and lower temperatures was 
comparable with that found at 40° C. 


Table 5. — -Comparison of pigment breakdown at different temperatures 


'..T'ereent of pigment ' 
degraded 

^ Time in days for pigment degradation in— 

Qio 

1 

Experiment 

No. 1, at— 

Experiment No. 2, at — 

30® C . 

40® 0. 

40® C. 

50® 0. 

; 60® 0. 

'! 

30 to 
40® 0. 

40 to 
50® C. 

60 to 
60® C . 

10 

4.0 

7.8 

a 4 

5. 5 

3-7 

1.80 

1. 52 

1.48 

20 

20.2 

12.0 

ILO 

7.1 

5.3 

1,67 

1.60 

1.33 

30 

26, 8 1 

16.2 

13.8 

a? 

6.7 

1.65 

1.58 

1.29 

40 

35.2 

20.6 

16.5 

10.3 

■ 8.3 

1.65 

1.60 

1.24 


SUMMARY 

1. Seedling carrots contain less alpha and beta carotene than they 
do carotenols and other strongly adsorbed carotenoids. During the 

The temperature coefficient ( Qia) of a process is defined as the number of times 
that the rate of the process increases with 10° O. rise in temperature. 




June 1,1949 Ca^otenoids in Dehydrated Carrots 501 

development of the carrots the concentration of carotenols per unit 
fresh weight remains fairly constant but there is a steady increase in 
amounts of alpha and beta carotenes. 

2. Lighter portions of carrot roots have a higher absolute value of 
the more strongly adsorbed pigments (zeta, gamma, and the carotenols) 
than do the more highly colored portions of the roots. There is a 
higher proportion of these strongly adsorbed pigments in the xylem. 
The phloem has a high proportion of beta carotene. 

3. Carotene breakdown in air in dehydrated ground carrots stored 
at G. showed an initial period of no degradation or very slow 
degradation, a second period of rapid degradation, and a third or 
final period when pigment breakdown was very slow. 

4. The rate of breakdown of alpha and beta carotene was similar to 
that of the total pigment complex. The more strongly adsorbed pig- 
ments (zeta, gamma, and the carotenols) remained fairly constant in 
concentration, showing a decrease only when the rate of breakdown of 
alpha and beta decreases. 

5. The rate of breakdown in air during the second or rapid period, 
for any given experiment was constant. In pure oxygen an expo- 
nential curve was obtained. Apparently pigment breakdown in 
ground dried carrots in air is not proportional to pigment concen- 
tration but it is related to concentration when tlie sample is stored in 
oxygen. 
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THE INFLUENCE OF SELECTED ANTIOXIDANTS ON 
DEHYDRATED CARROTS 1 

By T. E. Weiee, associate hotanistj and C. R. Stocking, assistant botanist, Division 

of Botany, California Agricultural Experiment Station, 

INTRODUCTION 

Certain external factors influencing the rate of carotenoid degrada- 
tion in dehydrated carrots have been considered in a companion paper. 
This paper reports: (1) The influence of certain internal factors such 
as carotene and starch content on pigment degradation; and (2) the 
ability of certain selected antioxidants to retard the rate of pigment 
degradation. 

MATERIAL AND METHODS 

The source of carrots and methods of pigment analysis have been 
reported by Stocking and Weier { 6 ).^ 

Antioxidants were generally applied by soaking the blanched dice 
in solutions of selected chemicals. Except for sodium metabisulphite 
no effort was made to determine the amount of antioxidant within the 
dehydrated dice. While this is an important aspect of the problem 
the major interest was first to determine whether or not the carotene 
could be protected. 

In the majority of the experiments herein reported the SO 2 content 
was approximately 1,000 parts per million. This concentration of 
SO 2 in the dehydrated dice was obtained by soaking the blanched 
dice in a 0.12-percent solution of Na 2 S 205 . 

Unless otherwise indicated the samples for the accelerated break- 
down tests were ground, after dehydration, to pass a 20-mesh screen 
and be retained on a 48-mesh screen. They were stored in air at 40° C. 

The problem was to determine whether or not the pigment in de- 
hydrated carrots could be protected by antioxidants and if so which 
antioxidants were of highest value. All experiments were conducted 
in duplicate, unpromising antioxidants were immediately discarded, 
others were tested a second time, and the best (such as pyrogallol) 
were tested five or six times or more under var 5 dng conditions. Pyro- 
gallol was tested 10 times over a 2-year period. 

1 Received for publication August 30, 1948. This paper reports research 
undertaken in cooperation with the Quartermaster Food and Container Institute 
for the Armed Forces, and has been assigned number 204 in the series of papers 
approved for publication. The views or conclusions contained in this report are 
those of the authors. They are not’to be construed as necessarily reflecting the 
views or indorsement of the Department of the Army. The work was done at 
Davis, ,, Calif. 

^ Halic numbers in parentheses refer to literature cited, p. 515. 
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RATE OF PIGMENT BREAK-DOWN IN GROUND SAMPLES UNDER 
ACCELERATED STORAGE CONDITIONS 

VARIATION IN TOTAL PIGMENT CONTENT 

Previous reports on the pigment content ol carrot roots indicate 
that the pigment increases to a maximum at from 16 to 22 weeks 
after planting; thereafter the pigment remains constant, (1), (3). 
Our own results confirm these experiments. The pigment increases 
rapidly during the active growing season, after which it remains prac- 
tically constant. This applies to carrots grown during both summer 
and winter seasons. Boots resulting from September sowings did 
not accumulate so much pigment as those planted in March. Hansen 
{2) reports similar results with carrots grown in Oregon. 

Cessation of pigment deposition, in general, seems to be correlated 
with a natural decrease in the growth rate. In Oregon and New 
York this coincided with the onset of fall weather; in the University 
of California/s garden at Davis, deposition of pigment ceased in early 
September, with a month of warm weather remaining. Pigment 
deposition was halted in the spring by bolting. The relationships 
between deposition of pigment and season of the year is shown in 
figure 1. 



Figure 1. -Natural increase in carotenoid content in carrot roots harvested at 
various ages and at different seasons. Optical density is based on a sainp>le of 
one-tenth of a gram of dehydrated carrots to 100 milliliters of solution. 
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This natural variation in pigment content increases the difRculty 
of accurately comparing the rates of pigment break-down in dehy- 
drated carrots. The extreme variation, occurring between young 
and old summer-grown roots may be as much as 200 percent. 

During the course of the investigation 24 separate experiments in 
which the diced carrots received no treatment other than blanching 
and drying were carried out. These experiments incliided carrots of 
all ages and of varying total pigment contents. They cover three 
growing seasons; the summer of 1945, the fall and spring of 1945-46, 
and the summer of 1946. 

A coinparison of the results of these experiments showed that as 
the initial pigment content increased the percentage of pigment 
remaining after a 20-day storage period also increased. This means 
that comparisons between different experiments based on percentages 
may lead to erroneous conclusions, in that a larger proportion of 
pigment remaining after a stated time interval may be caused by a 
larger initial pigment content rather by a variation in treatment. 
For the same reason a direct comparison between the absolute amount 
of pigment decomposed or of pigment remaining after a stated period 
of time may lead to erroneous conclusions. 

When the logarithm of the amount of pigment oxidized in 20 days 
is plotted against the initial pigment concentration a fairly direct 
relationship is observed. An increase in the initial pigment content 
results in a proportional increase in the amount of pigment oxidized. 
The agreement between different experiments is, however, not as 
close as would be expected under more ideal conditions, such as known 
concentrations of pure carotene in a pure oil (Bickhoff and Williams 2 ), 

The results of these 24 experiments are shown in figure 2. The 
individual points represent the log of pigment oxidized in 20 days 
(optical density of 100-milliliter acetone extract of 0.100 gram of 
ground carrots), in a given experiment, plotted against initial pigment 
content. 

A regression line was run for these 24 points. It is the center 
broken line in figure 2. The significance of this line is at the 2 percent 
level and the standard error is ±.013. The lined area on either side 
of the regression line represents this standard error. It may be 
assumed, therefore, that if the plot of the log of the pigment oxidized 
in 20 days against the initial pigment content, obtained in any experi- 
mental treatment, falls within this lined area the rate of pigment 
break-down is that which might be expected for a blancli-only experi- 
ment. If a particular treatment results in a rate of break-down 
which when plotted falls above this lined area, this treatment may be 
considered as accelerating the rate of break-down. If, on the other 
hand, the results of a given treatment fall below the lined area it 
may be assumed that that treatment is affording more protection 
to the pigment than blanching alone. 

It must be remembered that there are two aspects to the rate of 
pigment break-down as measured by the amount of pigment oxidized 
during 20 days: First, the length of the induction period and, second, 
the rate of break-down during the straightdine period. In general, 
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Figure 2. — A comparison of amount of initial pigment content (represented by 
optical density) with amount of pigment oxidized in 20 days (also represented 
by optical density) in dehydrated ground carrot samples stored in air at a 
temperature of 40° C. Lined area indicates range of variation in pigment 
oxidized in 20 days; broken line in center of lined area is the regression line, 
llesults obtained in 24 blanch-only experiments. 


it lias been found that a lengthened induction period results in a slower 
rate of break-down during the straight-line period. 

From a practical viewpoint any treatment to be of value must 
protect the pigment to an extent which is greater than the best 
protection afforded by blanching. Thus in the authors^ system of 
comparison the results of a treatment to be considered good must fall 
on the graph in figure 2 below the lower evenly broken line, which 
indicates the upper limit of protection afforded by simple blanching, 

THE EFFECT OF STARCH CONTENT ON CAROTENE STABILITY 

If diffusion of oxygen into the tissue controls the rate of pigment 
breakdown under certain conditions, it seems logical that starcli 
gelatinization may protect the tissue from this break down as Reeve 
ip) has suggested. Mann and Weier 4) pointed out the great vari- 
ability in the starch content of individual carrots of a single strain. 
In order to test whether such variation in starch content would mate- 
rially affect pigment break-down carrots were tested for starch and 
separated into high and low groups on the basis of a rough quantitative 
determination with iodine solution. 

After their separation into high and low starch, the roots were split 
and the xylem separated from the phloem so that a series of four types 
was obtained: High-starch xylem, low-starch xylem, high-starch 
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phloeiBy and low-starch phloem. The amount of pigment binkeii 
down in 20 days was compared in each case with the normal blaiicli 
curve. Although the high-starch xylem and high-starch phloem bo tli 
showed some less break-down of carotene than that in the low-starcli 
tissue^ the results were not sufficiently different to warrant further 
investigatioii. 

PREPROCESSING STORAGE 

^ Commercial processing piocedures are often delayed beyond harvest 
time, necessitating certain post-harvest storage. A series of experi- 
ments was conducted to test the possibility that such storage might 
affect the rate of subsequent pigment degradation. Carrots were 
harvested and stored under the conditions indicated in table 1 and 
were then processed. When the amount of pigment broken down in 
them in 20 days was compared with the amount of pigment in the 
normal untreated blanched carrots no significant differences were 
observed in the rate of carotene break-down. 

INFLUENCE OF SELECTED ANTIOXIDANTS 

GROUND SAMPLES 

As already indicated, Weier (7) and Weier and Stocking (<S) have 
shown that under certain conditions the pigments in blanched and 
in blanched and dehydrated carrots could be protected to a certain 
extent by selected antioxidants. In our own laboratory 3-year-old 
samples of antioxidant-treated carrots still show a brilliant carrot 
color, whereas the color of comparable blanched-only and blanched — 
Na 2 S 205 — samples are greatly faded. 


Table 1. — Comparison of amount of initial pigment and pigment oxidized in $0 
days in carrots grown in the greenhouse and in the fields when stored after being har- 
vested 


Postliarvest storage 
conditions 

Initial 

pigment 

content 

Pigment 
oxidized 
in 20 
days 

Postharvest storage 
conditions 

Initial 

pigment 

content 

Pigment 
o.ddized 
in 20 
days 


(Optical 

(Optical 


(Optical 

(Optical 


density) 

demity) 


demity) 

density) 

Carrots grown in pots in 



Carrots grown in field— Con. 



greenhouse: 



32° F,, 6 days, topped.. .... 

0.274 

0.132 

Control 

0.326 

0. 117 

0° F., 6 days, topped 

.340 

.109 

32° F., 5 days., 

,362 

.127 

Control-. 

,311 

.123 

0° F., 5 days... 

1 .372 

.134 

70° F,, 4 days, topped 

..282' 

. lid 

Carrots grown in field: 



70° F„ 4 days, not topped. . . 

. 289 

.125 

ControL.. 

.330 

.099 

40° F., 4 days, topped 

.311 ■ 

V '.146 

95° F., 6 days, topped 

' . 281 

.101 

40° F., 4 days, not topped-. 

.320 

.154 

65° F., 6 days, topped...... 

. 261 

.081 





Previous reports of the action of antioxidants have given only the 
percentage of pigment remaining in the stored sample after relatively 
short periods of storage. In table 2 all experiments are compared in 
which antioxidants were applied to blanched diced carrots which were 
then dehydrated, ground, and stored. Initial pigment content, the 
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Figueb 3. — Results of selected antioxidant experiments plotted on the blanch-only 
treatment curve of figure 2. Points above lined area indicate pigment degrada- 
tion at a rate faster than blanch only. Points below lined area indicate a 
retardation in rate of breakdown. 

length of induction period, and the pigment oxidized in 20 days are 
considered. In figure 3 the results of selected runs are plotted on the 
standard blanch curve shown in figure 2. Attention is called to the 
following points. The results of the SO 2 treatments fall below the 
best blanch line, as is to be expected, but in two out of the three cases 
only slightly so. It seems likely that a statistical analysis of a large 
number of sulfite treatments would probably indicate a variation of 
results similar to that observed for blanch only. Such antioxidants 
as nordihydroguaiaretic acid, ascorbic acid, and pyrogallol when used 
alone did not afford increased protection of the pigments. 'When, 
however, Na 2 S 205 was added to the pyrogallol so as to make a solu- 
tion of 0.12 percent Na 2 S 205 and 0.3 percent pyrogallol in which the 
blanched carrots were soaked for 5 minutes, the degradation of the 
carotene pigments was greatly retarded. Toluhydroquinone and 1,4 
naphthoquinone, without the addition of NazSaOs were effective in 
reducing the rate of pigment break-down. 

The pyrogallol used in these experiments was a sample of Merck 
photographic pyrogallol that had been in the laboratory for at least 
15 years. It was s%htly tan, indicatir^ a small amount of oxidation. 
Chemically pure pyi-ogallol was substituted for the old sample in the 
late spring of 1947 and, surprisingly, afforded little or no protection 
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T KBJM 2.— EesulU of antioxidant treatment of ground, dehydrated carrots 


Treatment after blanch 

Initial 

pigment 

content 

Pigment 
oxidized 
in 20 days 

Induction 

period 

! 

Days to 
80 percent 

Belation 
to blanch 


Optical 

Optical 





density 

density 

Days 




f 0.42 

0. 251 

3 

■ §. 

Poor. 

Soaked in distilled water for 5 minutes 

1 .528 

1 .290 

.285 

.147 

4 

0 

10 

8 

Do. 

Do. 


1 .397 

. 139 

2 

12 

Do, 

Citric acid 

.301 

.141 

0 

9 

Do. 

Tartaric acid 

.287 

.140 

1 

9 

Do. 

Phosphoric acid 

.284 

.127 

0 

9 

Same. 

Ascorbic acid 

.280 

.101 

4 

13 

Do. 

1-ascorbic acid 

.275 

.082 

4 

16 

Better. 

1-aseorbic acid + Na2S205: 





Before blanch 

..305 

.094 

4 

14 

Do. 

Post blanch 

.345 

.120 

2 

12 

Same. 

Partially di’y 

.365 

.109 

5 

15 

Better. 

Before blanch +• vacuum 

.364 

i .098 

5 

16 

Do. 

Ascorbic acid. 

.312 

1 .087 

0 

9 

Do. 

Ascorbic acid + NaaSaOs 

.318 

i ,085 

0 

15 

Do. 

Pyrogalli e acid _ 

! .374 

. 113 ■ 

0 

7 

Same. 

Pyro + Na 2 S 205 

.311 

! .059 

3 

21 

Better, 

Pyro 4- Na 2 S 205 : 






Preblanch 

1 .270 

.059 

5 

17 

i Do. 

Post blanch. 

.296 

.044 

10 

: 23 

Do. 

Partial dry 

.291 

.037 

9 

25 

Do. 

{ .401 

.098 



Do. 

iVa2'920s-- - - 

i .326 

.062 



Do, 


1 .396 

.103 



Do. 

N.D. G.A.i - 

.291 

. 100 i 

0 

10 

Same. 

N. D. G. A. + Na2S205 i 

.298 

.053 : 

8 

22 i 

Better. 

Hydroquinone 

.328 

.117 

0 

7 : 

Same. 

Hydroquinone + Na2S20s 

.316 

.052 

5 

21 

Better. 

Toluhydroquinone 

.443 

.099 

7 

19 

Do. 

q^luhydroquinoue 

.440 

.066 

12 

18 

Do. 

Hydroquinone triacetate. 

.443 

.099 

8 

19 

Do. 

1, 2 Naphthoquinone 

.423 : 

.095 

14 

24 

Do. 

24 Methyl-1-4 naphthoquinone 

.389 

.096 

6 

14 

Do. 

b Naphthol 

1,4 Naphthoquinone 

.435 

.412 

.083 

.069 

10 

11 

20 

21 

Do. 

Do. 

1,6 Dihydroxy-naphthalene 

.404 

.092 

5 

14 

Do. 

40 percent Acetone leach 

.418 

.201 

5 

11 

Poor. 


i Nordihydroguaiaretie acid. 


to the carrot roots being tested. These roots were large and contained 
an unusually high concentration of carotene pigments. The series of 
experiments on these high carotene roots, in which blanch, leach, old 
and new c. p. pyrogallol are compared, is shown in figure 4. 

The protection afforded by blanching-alone was somewhat poorer 
than the average as is shown by the plotting of these points. It is 
possible that in roots with this large absolute concentration of pig- 
ments the rate of break-down after blanching may be higher than the 
curve of figure 2 would indicate. This series of experiments again 
indicated that the old sample Merck photographic pyrogaliol consid- 
erably retarded the rate of pigment degradation. In all, 10 separate 
experiments, extending over a 2-year period, were run, using this old 
photographic pyrogaliol. In every case considerable protection was 
afforded the carotene pigments. The authors were unable to discover 
the reason for the difference in effectiveness of the old and the new 
c. p. samples of pyrogaliol. The possibihty was considered that im- 
purities, such as the tannins, might be the factor supplying the pro- 
tection. Tannic acid (Baker) was tested with negative results. 

841032 — 49— —8 
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Under tlie coiiditioiis of our experiments, selected antioxidants, 
botli alone and in conjunction with: Na2vS205 afford greater protection 
than blancli-only and blancli-sulphite treatments^ to the (ai/rot'Cne 
pignieats in dehydrated, ground carrots stored at 40® (b 



Figure 4. — A comparison of blanch-only treatment , (B)j NaaS-jOs, (SO 2 ), leach 
(L); c. p. pyrogallol, (CpP), and old Merck photographic pyrogallol, (OP). 
Points plotted on blanch-only curve. Lower points indicate retardation of 
pigment break-down. 

A study of the degradation of individual pigment components was 
undertaken to determine whether one antioxidant is more effective 
than another in protecting any of the pigments. Figure 5 shows thb 
effect of treatment with 0.3 percent Na2S206 on the break-down of the 
separate fractions. Here again the alpha and beta carotenes show 
the same shape curves with the increased induction period character- 
istic of the sulfite-treated carrots. The treatment apparently affected 
break-down of the individual components to about the same degree. 
Similar results were obtained with other antioxidants such as pyro- 
gallol and ascorbic acid. 
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Figuee 5.- — Rate of break-down of total complex and individual pigments after 
treatment with 0,12 percent Na2S20s- Ground dehydrated carrots stored at 
40° C, optical density based on pigment from 1 gram of dehydrated carrots in 
200 ml. of solution. Group refers to all carotenoid pigments more strongly 
adsorbed than beta carotene. 

DICED SAMPLES 

In testing the effectiveness of antioxidants in protecting the caro- 
tenes in dehydrated diced carrots, the only change in procedure from 
that using ground samples was to store the material as dice for a 3 - 
month period. In conjunction with all experioients on dice, separate 
5 -gram samples were ground and stored, as in other accelerated tests. 
Thus, material from a single given processing was stored both in diced 
and in a ground state. Treatments given the diced carrots are as 
follows: Na2vS205; Na2S205+ gelatin; Na2S205+c. p. pyrogallol; 
Na2S205+ old Merck pyrogallol; c. p. pyrogallol; old Merck pyrogallol; 
2-4 naphthoquinone; toluhydroquiaone; Na2S03+c. p. pyrogallol; 
Na2S20s+nordihydroguaiaretic acid; Na2S205+ gallic acid; gallic acid. 

In no treatment was the rate of pigment break-down in the dice 
significantly different from that in the control blanch-only. This 
was true even after soaking in the 0.03 percent old Merck pyrogallol: 
0.2 percent Na 2 S 206 solution. In the ground aliquot from this same 
sample of dice the rate of pigment break-down was retarded as usual. 
The old pyrogallol then is able to protect the pigment in the ground 
dehydrated (‘-arrots but not in the diced carrots. 

Figure 6 shows the rates of pigment degradation for blanch-only 
treatment, Na2S205, old pyrogallol, and old pyrogallol plus Na2S205. 
The upper curve with the low slope represents the rate of pigment 
break-down in the dice. The differences between these four upper 
curves are not significant. The left-hand curves in each small graph 
represent the pigment break-down in the ground material that was 
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Figure 6. — Comparison of rate of pigment break-down in four samples of carrot 
dice treated as indicated. Upper curves dice stored at 40° C. for 3 months. 
Left-hand curves represent ground samples stored immediately after prepara- 
tion. Right-hand curves represent ground samples prepared from dice after 
30-40 days’ storage. 

stored as soon as prepared. Note that the old pyrogallol plus 
Na 2 S 205 gives considerable protection. The right-hand curve of each 
small graph represents the rate of break-down in a sample taken 
from the diced material after a month^s storage. This sample was 
ground and stored as in all other accelerated tests. Note that in 
each case these curves are approximately parallel with the curves 
showing pigment break-down in the ground samples stored immedi- 
ately after preparation. It seems evident that the rate of break-down 
and the effectiveness of the antioxidant are greatly influenced by the 
size of the pieces of stored dehydrated carrots (1). 

EFFECT OF PARTICLE SIZE ON PIGMENT STABILITY 

While most of the experiments were carried out on ground material 
and some were carried out on dice, one set of experiments was run on 
a graded series of particle sizes to determine the effect of particle size 
on pigment stability. Carrots for this series were prepared, blanched, 
and divided into two groups. One group was dehydrated without 
further treatment and the second group was treated with 0.3 percent 
Alerck^s pyrogallol prior to dehydration. After drying, the carrots 
were ground in a coarse food grinder and placed on a series of standard 
sieves on a Kotap machine. The two sets were thus separated into 
four particle sizes 28 to 48 mesh, 14 to 28 mesh, 8 to 14 mesh, and 
greater than eight mesh. The rate of pigment break-down for these 
eight samples was determined and is shown in figure 7. 






CONCENTRATION (PERCENT) 
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Figuke 7. — Influence of size of dehydrated carrot particle on rate of pigment 
break-down. Solid line, in all cases, represents old pyrogallol treatment and 
broken line, blanch-only treatment. 


It is apparent from these curves that the rate of carotene degradation 
is a function of particle size and that smaller particle have a very 
rapid break-down. The protective action of pyrogallol (solid line) 
on this break-down is apparent when the particles are less than 8- 
mesh in size. However, if the particle size is increased sufficiently 
there is a decrease in the rate of pigment loss from the untreated 
pieces but little if any change in the slower rate of break-down of the 
treated pirces. Apparently the protective action of pyrogallol can 
be duplicated by increasing particle size but with change in size 
there is little or no change in effective protection when an antioxidant 
such as pyrogallol is used.^ 

PREHARVEST SPRAY TREATMENT 

A series of preharvest spray treatments of young carrots was under- 
taken to test the possibility of stabilizing the carotene in Ae harvested 
dehydrated material either by changmg the phospholipid content or 

3 When the samples for these experiments on diced carrots were prepared, ali- 
quots for Na2S205 and Na2S205+old pyrogallol were stored in a basement with a 
temperature range of 16® to 20° C. These samples have been in storage about 30 
months. No analysis have as yet been conducted, but the color of the Na2S205 — 
only sample is considerably paler than that of the Na2S205+oid pyrogallol. 
Gomplete results of this storage test will be reported at a later date. 
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by incorporating antioxidants into the carrots. Phospholipids are 
more stable than free fatty acids and while the probability that 
cliaiiges ill carrot phospholipids could be affected by spray treatment 
was low, it seemed that positive results, if obtained,, would be of such 
significance as to make the experiment worth while. Tlie materials 
used, time of treatment, and results are s.hown in table 3. The 
results when compared with the standard control curve figure 1 
show that none of these treatments increased the stability of the 
carotene in the processed carrots sufficiently to be of practical im- 
portance although the June 8 choline chloride and the July 27-Aug. 
10 kerosene treatments caused significantly less breakdown than the 
untreated blanches and indicate the desirability of future work in 
preharvest spray treatment. 


Table 3. — EJfeei of preharvest spray treatments on the hreakdoivn of pigment in 

carrots 


Spray 

Initial 

pigment 

content 

Pigment 
oxidized 
in 20 days 

Series IG 

Optical 

Optical 

density 

density 

NaaH PO* 

0.363 

0. 145 

Glycerine ...i 

.344 

.148 

Choline chloride j 

.314 

.139 

Ethanolamine 

.333 

.157 

NaaSaOa 

.311 

.128 

Na~ glycerophosphate ’ 

.287 

.116 

Dreft... 

.316 

.117 

No treatment 

.315 

.118 

Kerosene 

' .214 

.070 

Kerosene+toeopherols 

.330 

.135 

Stove oil 

.250 

.095 

Stove oil-f tocopherols 

Series 2 : 2 

.234 

.089 



. 239 

.091 

Na?H POi 

.252 

.098 

NaHaPOi 

.265 

.101 


Spray- 


Series 2--Continiied 

Glycerine 

Choline chloride 

Ethanolamine 

Naj&Ofi 

Na— cjlycerophosphate 

Dreft. : 

Series 3: s 

Kerosene 

Kerosene-f-N. D. G. A 

Kerosene-j-tocopherols 

Stove oil 

Stove oil+N. n. G. A 

I)reft 

Ethanolamine 

No treatment 

Choline chloride 


Initial 

pigment 

content 


1 Sprayed July 27 and Aug. 10; 84, and 98 days after sowing. 

2 Sprayed July 27; 84 days after sowing. 

Sprayed June 8; 35 days after sowing. 


Optical 
density 
0. 243 
.282 
.231 
. 246 
.215 
. 278 

.183 

.174 

.222 

.222 

.233 

.262 

.187 

.184 

.165 


Pigment 
oxidized 
ill 20 days 


Optical 
density 
0. 092 
' , 121 
. 089 
. 103 
. 095 
.117 

.095 
.082 
.080 
.087 
. 100 
. 1X3 
. 095 
.083 
. 061 
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SUMMARY 

Carotene content varied in different samples of carrots over a 2-year 
period by 200 percent or more. The initial pigment content does 
play a parte in rate of carotene degradation. For this reason the 
ratio of the logarithm of pigment oxidized over a stated period of 
time to initial pigment content provides the best comparison of rates 
of break-down between experiments widely separated in point of time. 

The pigment in blanched, dehydrated, and ground carrots stored 
at 40° C. is protected by the following antioxidants to a much greater 
extent than by blanching only or by blanching plus Na2S205: p3n‘0- 
gallol (old Merck photographic) plus Na2S205; nordihydroguaiaretic 
acid+Na2S205; toluhydroquinone; and 1,4 naphthoquinone. 

No selective action of any antioxidant on any individual carotene 
component was apparent. In all cases the rate of break-down of 
alpha and beta carotenes folio vrs that of total pigment complex 
(crude acetone extract), while concentration of the more strongly 
adsorbed pigments remains fairly constant. 

The I'ate of pigment break-dowm in dice is not retarded by the 
impregnation with antioxidants. Size of dice is the determining 
factor in rate of pigment break-down and of the effectiveness of 
certain antioxidants. 
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DEVELOPMENT OF PIGMENT IN THE FUR FIBERS OF 
AGOUTI-COLORED RABBITS^ 

By Ethel H. Dolnick ^ 

Associate Microanalyst, Bureau of Animal Industry, Agricultural Research Admin- 
istration, United States Department of Agriculture 

INTRODUCTION 

Fur is made up of two types of fibers: Guard hairs, of which there 
may be more than one kind, and nnderfur (19).^ The guard hairs 
have a greater diameter than the underfur and project beyond the 
dense covering of the underfur fibers. Ideal pelts possess clear color 
and have “life.” They are silky and full-furred, have siifiicient guard- 
hair coverage, and the skins are of good size. Color plays a very 
large part in market values since it contributes the key quality to the 
beauty of furs. 

Varying intensities of melanin, the principal pigment found in all 
animal hair, impart to the fibers colors ranging from black through 
many shades of gray, and from brown and tans to yellows. Some- 
times animal hairs appear to be blue, but on closer examination this 
color proves to be a form of slate gray. “Tyndall blue” is the term 
used by Fox (IS) to describe the blue shade derived from melanin. 

Skins that show a pleasing contrast in color between underfur and 
guard hair are preferred to skins that do not show contrast. In mink 
farming, one of the objectives is a rich dark-brown over-all color; 
the clear dark-brown guard hairs contrast with the underfur, which 
appears to be blue. In various light phases of genetic mutations in 
mink and fox, the underfur is pale gray or sky blue; the guard haii^s 
are slightly darker. In the silver fox, the black tip of the guard hairs 
together with the pure white band, located just below this tip, pro- 
duces a veiling effect; this combination enhances the color contrast. 
The underfur is gray or blue gray. 

Although scattered and fragmentary material is available on pig- 
ment studies in the mouse (IB, B2, SO, SI), guinea pig (7, SB, So), 
cow (7), and sheep (8), practically no work of this nature has been 
reported on animals whose skins are used commercially as furs. In 

^ Received for publication July 7, 1948. This paper is based on a thesis sub- 
mitted in partial fulfillment of the requirements for the degree of master of arts 
at the George Washington University. 

2 The author is indebted to Dr. Ira Bowers Hansen of the Zoology Department 
of the George Washington University for his guidance in the direction of this 
problem and to Dr. Thora M. Plitt Hardy of the fur fiber laboratory, Bureau of 
Animal Industry, for her many suggestions. 

3 Numbers in parentheses refer to Literature Cited, p. 532. 
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Aiigiist 1944 , i*esearch on pigment development of the agouti-colored 
rabbit {Ory/ciolmius cwnhculns ) was initiated in the Fish and Wildlife 
Service, Uriited’ States Department of the Interior, to be carried out 
in its fur fiber laboratory at Beltsville, M.d/'' .In tliis animal, as in a 
number of otliers, the laying down of pigment in alternate dark and 
light bands produces a mottled _ pattern. The guard hairs of this 
rabbit are black at the tip, followed by bands of orange, dark brown 
or black, and light gray. The underfur is gray for the greater part 
of its length and is banded at the distal end in most of the fibers. 

The agouti-colored rabbit v?as selected as the animal for study in 
this investigation for several reasons. Since the guard hair is tipped 
with black, there is a heavy concentration of melanin in the early 
stages, whicli facilitates the study of pigment development in the fur 
fiber. Also, the gestation period in the rabbit is short, approximately 
31 days, and embiyos can be obtained within relatively short periods 
of time. This animal is readily available, is docile in temperament, 
and can be handled without much difficulty. 

MATERIAL AND METHODS 

To study the sequence of pigment development in the agouti- 
colored rabbit, blocks of tissue were removed from two fetuses taken 
at 18 and 25 days; from nine juvenile rabbits at 1 to 5 days and at 
8, 10, 12, and 25 days after birth; and from a live adult animal;® 
age unknown. 

Bonin’s, 5-percent formalin, and Zenker’s {9) were used as fixatives. 
Bonin’s, according to the method outlined by Becker and Roudabush 
(Jf), gave best results. Tissue blocks were cut at an angle to the 
skin surface and oriented to obtain longitudinal sections of the hair 
follides. It was not always possible to get exact orientation, with 
the result that hairs sometimes appeared in cross or tangential section. 
If freshly cut paraffin sections are placed on a slide and the paraffin 
removed by applying a few drops of xylol, the presence of pigment in 
the hairs can be used as a guide in determining the proper orientation. 

Various stains were used in this investigation. Haematoxylin and 
eosin show up the structures of the skin, but haematoxylin masks the 
pigment to some extent. Cell outlines are also well defined with iron 
haematoxylin and orange G. Silver nitrate was used when it was 
desired to intensify the appearance of pigment granules, and the slides 
were sometimes counterstained with pyronin methyl green {23) . The 
orcein and Giemsa stain described by Pinkus {29) proved to be 
valuable in the definition of the inner root sheath. Mallory’s triple 
connective tissue stain {17) and methyl green were also used. 

As a mounting medium, gum dammar was superior to Canada 
balsam since it dried faster and seemed not to yellow with age. 

The dopa (shortened term for dihydroxyphenylalanme) reaction as 
worked out by Bloch (5) was used to determine the potentialities of 

^ The agouti-colored rabbits were provided through the courtesy of Dr. Don 
R, Coburii, Patuxent Research Refuge, Bowie, Md. 

s All the activities^ pertaining to the production of fur animals in captivity 
(fur farming), including domestic rabbits, were transferred to the U. S. Depart- 
ment of Agriculture June 30, 1946, by act of Congress. 

^ Blocks of skin from the adult rabbit were excised by Dr. Louis C. Heemstra 
of the Bureau of Animal Industry. 




Figure 1. — Anlagen and early hairs in ear of 18-day-old fetus. The matrix has 
taken up the stain (haematbxylin and eosin) more deeply than the supounding 
cells: a, Hair anlage; ep, epidermis; columnar cells of stratum germinativum; 
/i.downgrowth of hair into dermis; mx, matrix; d, dermis. X 100. 
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pigment development, requiring the use of fresh tissue or tissue 
fixed for a short time in 5-percent formalin. Blocks of skin 3 to 5 mm. 
thick were fixed in formalin from 2 to 3 hours. Sections ranging in 
thickness from 15 to 30ju were then cut on the freezing microtome 
rinsed in distilled water, and placed in the dopa solution (S5) . Approxi- 
mately 20 cc. of the solution was used for 50 sections and kept at 40^ 
C. for 3 hours, with a fresh change of dopa solution after the first 
half hour and then again after another hour ( 32 ), 

The paraffin section method for the dopa reaction, developed by 
Becker, Praver, and Thatcher (^), revealed more nonspecific blackening 
around the outer edges of the tissue. Blocks of skin were first treated 
with the dopa solution at 37^^ C. for 15 hours, with a change of solution 
after the first half hour. Following this treatment, the blocks were 
fixed in Bonin’s, carried through the alcohols and xylol, and embedded 
in paraffin. 

PIGMENTATION IN^THE HAIR 


IS-DAY-OLD FETUS 


No pigment is evident in the 18-day-old fetus. At this stage, the 
development of hair is more advanced in the ear (fig. 1) than in other 
regions of the body. Knoblike aggregations of cells, the hair anlagen, 
are present in the epidermis, and these cells as they grow downward 
into the dermis become enclosed in a pocket, the hair follicle. In 
some cases it appears as though the proliferation of cells of the hair 
proper gets under way before the definitive papilla takes shape ( 28 )^ 
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The papilla is produced by mesenchjrmal cells and fits into the broad- 
ened base of the hair. The mesenchymal cells surrounding the hair 
root become the connective tissue sheath; this sheath is found only 
in the guard hairs and usually serves for the insertion of smooth 
muscle fibers. 

The matrix cells of the hair are located in the bulb, just above the 
papilla. These are the active cells that later give rise to the hair, 
the inner root sheath, and the pigment cells themselves. The hair 
and its sheaths* — the inner root sheath and the outer root sheath (fig. 
3)— are epidermal in character, whereas the connective tissue sheath 
(fig, 4) and the papilla (figs. 6 and 8) are dermal in origin. 


25-DAY-OLD FETUS 

Generally, the first pigment cells are seen in the matrix region of 
the hair in the 25-day-old fetus, but occasionally some may be found 
in the undifferentiated medulla. These cells are also called melano- 
blasts and differ from the other epithelial cells in the hair only in that 
they may carry pigment. Melanin grannies in some cases are found 
along the periphery of the cell (fig. 2), but usually they fill the entire 
cell (fig. 3). In the study of wool from colored and from white sheep, 
Hardy and Plitt (18) found that the smallest visible units of structure 
were granules or ^'particles.^^ These particles were colorless in the 
white, Lincoln breed of sheep, whereas in the colored, Karakul sheep, 
they were both colorless and pigmented, the latter being identical 
with the familiar pigment gramiles. 

At the 25-day fetal stage, the columnar cell make-up of the outer 
root sheath is clearly recognizable. In figure 4 the outer root sheath 



I ' 

' ' 

25-day-old fetus; taken from the head and stained 
witn orange O. The pigment granules are arranged along the periphery of the 
melanoblast, indicated by the arrow. X 400. c ^ leij. oi uit. 
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Figure 3. — Skin section from 25-day-old fetus; taken from the head and stained 
with orange G: or, Outer root sheath; tV, inner root sheath; mel, fully pig- 
mented melan oblast ; d, dermis. X 400. 



Figure 4. — Early development of hair in skin from head of 25-day-old fetus; 
stained with haematoxylin and eosin: Basal cell layer of epidermis (stratum 

germinativum) ; irt, tip of inner root sheath; or outer root sheath; mm, melano- 
blast in matrix; cts, connective tissue sheath; d, dermis. X 200. 
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can be traced to the basal layer of the stratum germinativuni of the 
epidermis and is seen to be continuous with it* 

JUVENILES (1 TO 25 DAYS OP AGE) 

In newborn rabbits of the pigmented breeds the color contained in 
the hairs that lie just below the skin surface is visible through the 
skin. Rabbits are born naked; however, a sparse covering of hairs 
that have pierced the skin can be observed with a hand lens. In fig- 
ure 5 hairs can be seen emerging from some of the follicles of a 1-clay- 
old rabbit. The young are covered with a good hair growth at about 
5 days of age. 

In the agouti-colored rabbit, histological sections from the juvenile, 
as well as from the adult, show that the melanoblasts are always 
rounded in appearance (fig. 6). Branched pigment cells, however, 
have been reported in the gray rabbit {26) and in other animals (d, 
20 , 27 , 84 ).^ 

The cells in the central portion of the matrix pile up in rouleaux to 
form the medulla of the hair (figs. 7 and 8). In surface view these 
cells are round, whereas in end view they appear flat and produce a 
banded effect. In the rabbit the pigment in the medullary cells is 
granular in structure; both granular and diffuse pigments are found 
in the cortex (fig. 9). Although granular and diffuse pigments are 
present in the hairs of most fur-bearing animals, only one form of pig- 
ment has been reported for members of some species (ifi, df), and this 
may be either diffuse or granular. ' 



Figuhe 5. — Hair follicles in skin section from loin of a 1-day-old rabbit; stained 
with iiaematoxylin and eosin. Arrow points to hair emerging from follicle. 
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Figure 6. — Root, end of a hair in the unstained skin from loin of a 2-day-olcl 
rabbit. Pigmented cells in the bulb are rounded: ‘p^ Papilla; mel, melanoblast. 
X 900. 


The aggregation of melanin grannies (fig. 10), often spoken of as a 
cap, that appears above the nucleus in the medullae in many animal 
hairs has led some authors to suggest that melanin is nuclear in origin 
(8). Just what role the nucleus or the cytoplasm plays in melanin 
elaboration is still to be determined. Conklin (10) believes that all 
cellular differentiations may be formed by the reconstruction of sub- 
stances that pass through the nuclear membrane and that these sub- 
stances then enter the cytoplasm in solution. 

Boyd (8) speaks of single and double nuclear caps of pigment 
granules in sheep. In some hairs of the agouti-colored rabbit the cap 
of melanin granules is found at the top and apparently at the bottom 
of the nucleus (fig. 10). 

In skin sections of some of the early stages, pigmented cells were 
observed to align themselves in a way that suggested polarity. It may 
be that this cellular polarity (10) influences the orientation of pig- 
ment granules and that this polarization is responsible, in part, for 
the so-called capped nucleus. In figure 11 the pigment granules are 
concentrated at the distal end of the pigment cells. As the hair 
approaches the skin level, there is a shrinkage of cytoplasm, and air 
spaces make their appearance between the medullary cells (34 ) . ^ 

The laying down of dark-colored granules followed by the deposition 
of light-colored granules was observed in some of the fibers. The dif- 
ference in intensity (8, 11, IS, 35) is illustrated in figure 12; micro- 
scopically the light-colored melanin granules appear yellow or light 
brown. 
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Figure 7.— Pigment cells in the form of rouleaux in the medulla of hair of a 
2-day-old rabbit. Skin section was taken from the loin and stained with 
methyl green: m, Medulla; pee, pigment cell in end view; pcs, pigment cell in 
surface view. X 100. 

ADULT 

The replacement of hairs in the adult rabbit is different from the 
development of fetal hairs in that new anlagen no longer appear in the 
basal layer of the epidermis and grow downward into the dermis. 
Hairs are now differentiated from epithelial cells already established 
in the dermis. That new hairs arise from the already existing follicles 
has been reported by several authors {SS, SJi ) . It is believed that the 
new hair germ is formed from material of the outer root sheath. This 
sheath in the fetal stages is seen to be continuous with the stratum 
germinativum. The part the papilla plays in hah regeneration has 
been disputed. Hertwig {21) is of the opinion that a new papilla is 
formed, whereas Trotter {SJi) believes that the new hah is nourished 
by the enlai^ng old papilla or by a newly formed papilla. 





Pigments in Fibers of Agouti Rabbits 


Figi^R'E 9. — Diffuse and granular pigment in cortex of liair from 2-day-old rabbit. 
Skin section was taken from the' region of the loin and stained with methy'l 
green: c. Cortex; me, outline of medullary ceils seen through the cortex. X 290. 





Figure 10. — Hair in the skin of 10-day-old rabbit, taken from the dorsum, show- 
ing nuclei in the medullary cells. These cells later keratinize and tlie nuclei 
disappear. Stained with haematoxylin and eosin: or, Outer root sheatli; me?, 
medullary cell with caps of melanin granules above and apparently below the 
nucleus. X 900. 



Figure 11. Longitudinal section of unstained skin from 2-day-old rabbit ear 
showing polarity of pigment granules: pp, Pigment cells exhibiting polaritv; 
m, medulla; or, outer root sheath, X 400. 
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Figi re 12. — Light- and dark-colored inelaiun in 2-day-old rabbit hair (unstained), 
taken from tlie dorsiiin: pcdj Dark-colored pigment cells; pel, light-colored 
pigment cells. X 200. 


In the young juvenile the hair covering is fairly uniformj apparently 
consisting of only one type of fiber. These fibers are softer in texture 
than those founS in the adult. In the coat of the older juvenile and 
in the adult there is a distinction in the hair types (f 5). The guard 
hairs are the longer hairs, thicker than the underfiir (fig. 13, /I), and 
contain two or more columns of medullary cells (fig. 13, B). The 
under fur fibers are more numerous and contain but one medullary 
column.. 

When the hair above the skin measures approximately 3 ern. in 
length, the papilla diminishes in size, and the hair enters a resting 
phase. If the skin of a rabbit whose pelt is prime is examined by 
blowing into the fur, or by parting the iur, the skin is observed to be 
creamy white and devoid of pigment spots since'- the root ends of tho 
hairs have completed their growth cycle and ai‘e free of ])igment. 
This period of inactivity is followed by one of reiUHved difl'erentiation 
in the hair follides, and pigment spots (fig. 14) can be seen through 
the skin (16), an indication that pigment is being deposited in the new 
incoming hairs. The new hairs, after a period of growth, pi(u*c('> the 
skin and for a time lie side by side with the club, or mature, hairs. 
The new short hairs can be observed macroscopically by running tla^ 
hand along the body of the animal in a direction opposite to the 
natural hair flow. 

The club hairs that are being shed are recognized by the frayed 
appearance at the root end (fig. 13, A). Pinkus (28) states that the 
hail' forms a brushlike or clublike structure because it is no longer com- 
pressed by Henle’s layer at its lower end. Huxley’s and Henle/s 
layers, subdivisions of the inner root sheath, usually remain attached 
to;thenhedding^hair. ' 





Figurk Guard hair and uiiderfur fibers from the loin region of an adult 

rabbit. The guard hair shown is in the process of being shed: attention is 
called to the brushlike structure at the root end. Stained with haematoxylin 
and eosin. X 1 00. B, Guard hair and underfur fibers from dorsum of 1 0-day-oId 
ral)bit. Stained with Malloryts triple connective tissue stain. X 200." m, 
Base of the medulla in guard hair; ghs, brushlike structure of shedding liair: 
gh, guard hair; uf, underfur. 


PIGMENT IN THE SKIN 

In iintrealcd slides, i. e., slides which are not tested for the dopa 
reaction, pigment in the skin was observed only in the basal laver of 
the epidermis in the rabbit ear. The two layers of the epiderniis in 
figure 15 can be easily distinguished. The outermost layer, the stra- 
tum corneum, is the most highly keratinized and the cells nearest 
the surface are constantly being sloughed oflf. The basal cells of the 
stratum germinatmim, the innermost layer, supply the rest of the 
epidermis with new cells. Pigment was found nowhere else in the 
epidermis and, except for the sections treated for the dopa reaction 
(figs. 16 and 17), was never observed in the dermis. 

Both dermal and epideimal pigmented cells have been reported for 
man, monkeys, some guinea pigs, the gray rabbit, and the grav house 
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Figure 14. — Right side of adult aputi-colored rabbit showing newly developed 
pigment spots. The hair of this side was removed by means of an electric 
clipper. 





Figure 15. — Pigment cells in the skin from the ear of a 25-day-old rabbit; stained 
with orcein and Giemsa: pc, Pigment cells in stratum germinativum; ctb car- 
tilage; rf, dermis; cp, epidermis. X 100. 

• '■ . 841032 — 49—10 
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mouse. Wlietlier or not these pigmented dermal cells are true melano- 
blasts is iiiicertain. Laid! aw {24) states that the pigmented cells in 
the dermis are cells that have taken up, or phagocytized, melanin on 
their way to the lymphatics. 

DOPA, THE TEST FOR MELANIN 

Melanin, because it is highly insoluble, is difficult to isolate. Many 
substances have been proposed as possible substrates, among which 
are derivatives of pyrocatechin {6) and pyrrol. The most widely 
accepted hypothesis today is that the formation of melanin is an 
oxidative process in which an enzyme in the pigment cell itself acts on 
a substance brought to the cell via the circulating blood. Bloch {5) 
and his supporters {2^ 26) call the enzyme dopa-oxidase and consider 
the melanogen, or colorless precursor, to be a substance closely related 
to dopa. However, the specificity of the enzyme has been questionecl 
(^) since the reaction is also given by some tissue elements not con- 
nected with pigment formation, such as parts of the sweat gland and 
leucocyte granules. 

The purpose of the dopa reaction is to make evident the production 
capacity of melanin in the skin or hair. At the time this investigation 
was undertaken, it was intended to apply the dopa solution to tissue 
sections of several fetal stages to observe, if possible, the time of 
pigment determination in the rabbit. However, the material worked 
with first was of the adult type, and when this work was completed the 
supply of dopa powder on hand was exhausted. A new supply of the 
powder was unobtainable. Reed and Sander (SO) found from grafts 



Figure 17. — Longitudinal section of skin frona adult rabbit shoulder, cut on the 
freezing microtome and treated for the dopa reaction: ep, Epidermis; du, upper 
level of dermis; dl, lower level of dermis. X 100. 

that, although pigment granules in the mouse appear on the twenty- 
first or twenty-second day, the pigmentation pattern is determined 
by the seventeenth or eighteenth day. 

The dopa solution when applied to adult skin tissue, in the manner 
previously described, causes a good deal of nonspecific blackening, es- 
specially around the outer edges of the tissue. The test is positive in 
the bulbs of growing hairs (fig. 16) and negative in mature or shedding 
hairs. The amount of melanin jiroduced by the dopa reaction is not 
necessarily the amount normally activated. The longer the tissue is 
immersed in the solution, the darker will be the resulting reaction. 

Dopa melanin was also observed in the lowermost layer of the epi- 
dermis and in the upper and lower levels of the dermis (fig. 17). The 
significance to be attached to the reaction in the dermis is diflicult to 
interpret since no dermal pigment was observed in any of the slides 
made of nontreated tissue. In some cases, when blood vessels or 
capillaries were present, it was noticed that the dermal dopa pigment 
tended to concentrate near these structures. 

SUMMARY 

In a study of the sequence of pigment development in the short- 
haired rabbit of the agouti or barred pattern, skin sections were made 
of two fetuses 18 and 25 days old, nine juveniles from 1 to 25 days 
old, and one adult rabbit. 

No histological evid found in the 18-day-old 

fetus; hair primordia, however, were clearly established. The first 
indications of the pigment cells, the melanoblasts, show up in sections 
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of the hair of the 25-day-old fetus. These cells are rounded in form 
and are located in the matrix of the hair bulbs. 

Rabbits are covered with a good gi-owth of hair within appro.xi- 
mately 5 days after birth. The development of melanin proceeds 
rapidly and the pigment cells, as they are moved upward from the 
bulb, take part in the formation of the medulla and the cortex. Only 
gi'anular pigment was observed in the medulla, whereas both granular 
and diffuse pigments are present in the cortex. By the time the hairs 
approach the level of the skin, the nuclei have become smaller owing 
to a shrinkage of the cytoplasm and air spaces appear hetween the 
cells of the medullae. This phenomenon is responsible for the ladder- 
like appearance of the medullary cells. 

The orientation of pigment granules to form a cap above, and per- 
haps in some cases below, the nucleus in the medullae of rabbit hairs 
may be influenced to some extent by the cellular polarity of the 
melanoblasts. 

The difference in intensity of melanin at the time the granules 
are laid down accounts for the differences in color of the fibers. 

In the unprime pelt, pigment spots are indicative of the deposition 
of melanin in new hairs that are being formed just below the skin 
surface. Mature hairs contain no pigment at the root end, and it is 
for this reason that the skin of a prime pelt is creamy white and free 
from pigment spots. 

When the dopa test, devised by Bloch to check on the potentialities 
of pigment development, was used, the reaction in the adult rabbit 
was positive in the bulbs of the growing hairs and negative in mature, 
or shedding, hairs. Dopa melanin was present in the dermis and in 
the lowermost layer of the epidermis of the dopa-treated sections. 
However, in the imtreated sections no melanoblasts were found in the 
skin of the rabbit except in the basal layer of the epidermis of the ear. 

LITERATURE CITED 


(1) Becker, E. E., and Eoudabxtsh, E. L, 

1935. BRIEF DIRECTIONS IN HISTOLOGICAL TECHNIQUE. 80 Pf)., illus. 
Ames, Iowa. 

.(2)' Becker, S. W, ■ , 

1927. MELANIN PIGMENTATION. Arcli. Demmt. and Syph. 16: [259.H90, 

(^) Prayer, L, L., and Thatcher, H. 

,, 1935. AN IMPROVED (paRAPPIN SECTION) METHOD FOE THE DOPA REACTION 

Arch. Bermat. and Syph. 31: [190J-195, illus. 

(4) Blaschko, .H., and Jacobson, W. 

1942. ENZYME SYSTEM OP '.CELLS. In Boume, G,, ed., Gyto'logy, and 
-D Cellular Physiology, chap. 7, pp. 189-225, illus. New York. 

v(5)' Bloch, B.. 

1927. das pigment. In Jadassohn, J., ed,, Handbuch der Haut-und 
Geschlechtskrankheiten, v. 1, pp. 434-541, illus. Berlin. 

1929. PROBLEM OP pigment FORMATION. AmeP. Jour. Med. Sci 177“ 
609-618, illus. 

(7) Bogart, E,, and Ibsen, H. L. 

1937. THE RELATION OP HAIR AND SKIN PIGMENTATION TO COLOUR IN- 
HERITANCE IN CATTLE,' WITH SOME NOTES ON GUINEA- PIG HAIR 

PIGMENTATION. Jour. Gonet 35: [31H9, illus. 



June 1, 1949 


Pigments in Fur Fibers of Agouti Rabbits 


533 


(8) Boyd, E. 

1932. THE PIGMENTARY SYSTEM AND THE DOPA, REACTION. Roj. SoC. 

Edinb. Proc. (1931-32) 52: 218-235, ilius. 

(9) Carleton, H. M., and Leach, E. H. 

1938. HISTOLOGICAL TECHNIQUE . . . Ed. 2, 383 pp., illus. London, 

New York [etc.]. 

(10) Conklin, E. G. 

1924. CELLULAR DIFFERENTIATION. In Cowdry, E. V., ed., General 
Cytology , . i^p. 537-607, illus. Chicago. 

(11) Cowdry, E. V. 

1932. THE SKIN. In Cowdry, E. V., ed., Special Cytology . . v. 1, 
pp. 3-38, illus. New York. 

(12) Dry, F, W. 

1926. THE COAT OF THE MOUSE (mus MUscuLUs). Jour. Geuet. 16: 
[287]-340, illus. 

(13) Fox, D. L. 

1947. CAROTENOID AND INDOLIC BIOCHROMES OF ANIMALS. Anil. ReV. 

Biochem. 16: 443-470. 

(14) Galigher, a. E. 

1934. PRACTICAL MICROTECHNIQUE. 228 pp., illus. Berkeley, Calif. 

(15) Gremmel, F. 

1939. COAT COLORS IN HORSES. Jour. tiered. 30: 437-445, illus. 

(16) Gunn, C. K. 

1932. PHENOMENA OP PRiMBNEss. Caiiad. Jour. Res. 6: 387-397, illus. 

(17) Guyer, M. F. 

1943. ANIMAL MiCROLOGY . , ., ed. 4, 331 pp., illus. Chicago. 

(18) Hardy, J. I., and Plitt, T. M. 

1941. ‘‘particles” and their relationship TO THE STRUCTURE OP 

ANIMAL FIBERS. Jour. Agr. Res. 63: 295-303, illus. 

(19) Hardy, T. M. P., and Hardy, J. I. 

1942. TYPES OP FUR fibers. Jour. Hered. 33: 191-199, illus. 

(20) Harman, M. T., and Case, A. A. 

1941. GENETIC ASPECTS OP PIGMENT PRODUCTION IN THE GUINEA PIG. 

Genetics 26: [474H86, illus. 

(21) Hertwig, 0. 

1892. iTEXTBOOK OF EMBRYOLOGY OP MAN AND MAMMALS. 670 pp., 
illus. London. 

(22) Kaliss, N. 

1942. THE MORPHOGENESIS OP PIGMENT IN THE HAIR FOLLICLE OF THE 

HOUSE MOUSE. Joiir. Morph. 70*. 209-218, illus. 

(23) Krajian, a. a. 

1940. HISTOLOGICAL TECHNIC . . . , 272 pp., illus. St, Louis. 

(24) Laidlaw, G. F, 

1932. THE DOPA reaction in NORMAL HISTOLOGY. Aiiat. Rec. 53: 399- 
407, illus. 

(25) Mallory, P. B, 

1938. pathological technique . . . , 434 pp., illus. Philadelphia and 
London. 

(26) Peck, S. M. 

1931. THE MELANOTIC PIGMENT IN THE SKIN, HAIR AND EYE OP THE 
GRAY RABBIT. Arch. Dermat. and Syph. 23: [705]-729, illus. 

(27) Peecival, G. H,, and Stewart, C. P. 

1930. MELANOGENESis: A REVIEW. Edinb. Med. Jour. 37: 497-523, 
illus. 

(28) PiNKus, F, 

1910. DEVELOPMENT OP THE INTEGUMENT. In Keibel, F., and Mall, F. P., 
ed., Manual op Human Embryology, v. 1, pp. 243-291, illus. 
Philadelphia. 

(29) Pinkus,. H. 

1944. ACID ORCEIN-GIBMSA STAIN (MODIFICATION OP UNNA-TAENZBR 

method). Arch. Dermiat. and Syph. 49: 355-356, 

(30) Reed, S. C., and Sander, G. 

1937. TIME OP determination op hair PIGMENTS IN THE MOUSE. 
Growth 1: [194]-200, illus. 



534 


Journal of Acfrmiltnml BeseareJi 


Vol 78, No. 11 


(31) Russell, E. S. 

1946. A QUANTITATIVE HLSTOLOGICAL ' STUDY OF THE PIGMENT POUND 
IN THE COAT-COLOR MUTANTS OF THE HOUSE MOUSE, INVARIABLE 
ATTRIBUTES OF THE PIGMENT. GRANULES. GeiieticsSl: [327]"-346, 
illiis. 

(32) Russell, W, L. 

1939. INVESTIGATION OF THE PHYSIOLOGICAL GENETICS OF HAIR AND 
SKIN COLOR IN THE GUINEA FIG BY MEANS OF THE DOPA RBACriTON. 

Genetics 24: [645]-667, illiis. 

(33) SOBOTTA, J. 

1930. TEXTBOOK AND ATLAS OF HUMAN HISTOLOGY AND AIKHtOSCOPlC 
ANATOMY. [Translated by W. H. Piersol from the Kli (kn'mam 
edition.] v. 1, textbook, 345 pp.; v. 2, atlas, 93 pp., illus New 
York. 

(34) Trotter, M. 

1932. THE HAIR. In Cowdry, E. V., ed., Special Cytology . . . , v. L 
pp. 41-65, illus. New York. 

(35) Wright, S. 

1942. THE PHYSIOLOGICAL GENETICS OF COAT COLOR OF THE GUINEA 

PIG. In Cattell, J., ed., Biological Symposia, v. 6, pp. 337-355, 
illus. Lancaster, Pa. 



COMPLEMENTARY FACTORS FOR DARK-RED PLANT 
COLOR IN UPLAND COTTON ^ 

By B. Lennart Johnson ® 

Formerly associate geneticist, Division of Cotton and Other Fiber Crops and Diseases, 

Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 

Research Administration, United States Department of Agricult ure 

INTRODUCTION 

Red plant color in upland cotton {Oossypium hirsutum L.) was found 
by McLendon (S)^ and Ware (8) to be due to a single incompletely 
dominant factor. A series of allelomorphic factoi-s governing intensity 
and distribution of red color, or anthocyanin pigmentation, in G. 
hirsutum and other New World (n=26) cottons was later reported by 
Harland {!), who found that the factor for hirsutum red was not, 
however, a member of this series but was a duplicate gene. In the 
Asiatic (n=13) cottons the gene for red plant color was reported by 
Silow and Yu {6) to be a member of an extensive anthocyanin allele 
series. 

A red plant-color mutation originating as a red chimera on a norrnal 
green plant of the Acala variety of upland cotton at Shafter, Calif., 
was described by McMichael (4). He found that dwarfing was 
apparently completely associated with the red plant color and that 
the Fa from a cross of the dwarf red mutant with normal green plants 
segregated into a 1 : 2 : 1 ratio, demonstrating incomplete dominance 
for dwarfing and red color. Another dwarf red mutation occurring 
as a red chimera on a normal green plant of the upland variety Cook 
912 was found by D. M. Simpson at Knoxville, Tenn., in 1939. The 
former mutation is designated as dwarf red Acala and the latter as 
dwarf red Cook 912. 

The present paper describes a dark-red plant color which appeared 
in a stock of red Acala cotton of normal stature at Stoneville, Miss., 
and presents the results of studies which show that the inlmritance of 
dark red may be interpreted in terms of the factor ior hirsutum red 
and a factor for dwarf red. 

^ Received for publication July 19, 1948. Cooperative investigations by the 
Division of Cotton and Other Fiber Crops and Diseases and the Delta Branch 
of the Mississippi Agricultural Experiment Station. Paper No. 153, New Series, 
Mississippi Agricultural Experiment Station. 

2 The writer is indebted to J. W. Neely, J. B. Dick, A. S. Ramsey, and the late 
S. G. Brain, who made the crosses and classified some of the r 2 and backer oss pro- 
genies reported in this study. 

» Italic numbers in parentheses refer to Literature Cited, p. 543. 
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MATERIALS AND METHODS 

A stock of red Acak cotton of normal stature was transferred from 
Shafter, Calif., to Stoneville, Miss., and was planted there in 1937. 
The following year a progeny obtained by selfing a single plant of this 
stock contained two darker red segregates, which on continued selfing 
and selection produced a homozygous phenotype referred to here as 
dark red. The homozygous plants were about half the usual height 
of gi-een or red Acala. They were of a gi'eatly intensified blackish-red 
anthocyanin color throughout (including the bolls) . The dorsal surface 
of the leaves was deep red in contrast to the green dorsal surface 
in red Acala and other red strains of cotton. 

Dwarf red Cook 912 was introduced to Stoneville in 1939, and 
dwarf red Acala in 1942. These stocks were similar to dark red in 
plant size but were lighter pigmented, being of a color lighter than 
hirsutum red as represented by the red Acala and Winesap stocks. 
Dwarf red Cook 912 was somewhat smaller and dai-ker red than dwarf 
red Acala. 

In 1944 a single plant of dark red used as the pollen parent was 
crossed with normal green Deltatype Webber, an upland variety. 
The same dark-red plant was crossed with the linkage tester Ri'^L° 
Lci^Fn. (In conformity with the symbols proposed by Hutchinson 
and Show (2), JSi®® here designates red plant color, IP okra leaf shape, 
Lci^ brown (khaki) lint color, and Fn naked (not fuzzy) seed.) The 
Fi progenies from these crosses were selfed and were backcrossed, in 
the first case to normal green and in the second case to the linkage 
tester. The Fj and backcross populations were classified as to plant 
color before the stands were thinned and again after the thinning. 
Later the F2 and backcross progenies from the crosses involving dark 
red and the linkage tester were classified as to all the characters of 
the tester. 

Near the end of the growing season, plant height measurements 
were made in the F2 population from the cross dark red X normal 
green Deltatype Webber to evaluate the dwarfness which appeared in 
some of the color phenotypes. 

To check the F2 classification in both series of crosses, all plants were 
selfed. For each phenotype the number of progenies grown in the 
F3 was as far as possible proportionate to the observed frequency in 
the thinned F2 stand, the desired number of progenies for ihc^ lA (dass 
lowest in frequency being 10. The F3 progenies were clasai(i(',d as to 
plant color only. 

In_1945 dwarf red Acala and dwarf red Cook 912 were crossed with 
the linkage tester. The F2 population from each of these two crosses 
was classified as to plant color. The populations obtained by back- 
crossing the Fi of each cross to the tester were classified as to both 
plant color and leaf shape. 

In the same year dwarf red Acala was crossed with dwarf red Cook 
912. The Fi population from this cross was compared with the paren- 
tal stocks as to plant height and plant color. The F2 population was 
classified as to plant color only. 
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INHERITANCE OF THE DARK-RED CHARACTER 

Fa AND BACKCROSS TESTS 

■Dark reel wlien crossed with normal green Deltatype Webber pro- 
duced an Fi about intermediate in height between the two parental 
stocks but having a red color about intermediate between that of red 
Acala and dark red. In the ¥2 seven color phenotypes were distin- 
guished. These and their plant frequencies are given in table 1. 

The plants of the red phenotype resembled red Acala. The dwarf 
red plants, the red factor of which is designated by the symbol Rd, 
were somewhat lighter than the red in color and differed from them 
in pigment distribution, having less color on the leaf blades, especially 
around the stomata, but having deeper red petioles and leaf veins. The 
green plants resembled the normal green parent. With respect to color 
intensity the intermediate-red phenotype fell between the red and 
the green and the intermediate-dwarf-red phenotype fell between the 
dwarf-red and the green. The intermediate-dark-red phenotype rep- 
resented the recovered Fi type and was distinctly darker than either 
the dwarf-red or the red. The dark-red phenotype showed somewhat 
more variation in color and in plant height than the parental type. 

Table 1. — Observed flant frequencies ^ mean plant heights near end of growing season^ 
theoretical genotypes and genotype ratio, and Rd factor classes ^ for 7 F 2 phenotypes 
from the cross dark red X normal green 


Fa phenotype 

Observed 
plant i 
frequency 

Mean plant 
height 

Theoretical 

genotype 

Genotype 

ratio 

Ed factor 
class 


Number 

Inches 







^R^noE^ROEdRd.. 

1) 


Dark red 

146 

31. 53±0. 69 


2 5 

,22 




[RiROTiRORd Rd.. . 

2] 


Intermediate dark red.-. 

196 

40.46d= .48 

R^ROf^RORd -Rd... 

4 

1 

Red 

60 

62.80d= .98 

RiROR\ROrd rd 

1 

0 

I ntermed iate red - 

102 

64.32± .77 

RiROr\ROrd rd 

2 

0 

Dwarf red 

26 

28.12d=1.90 

fiROr^RORd Rd 

1 

2 

Intermediate dwarf red 

85 

40.40d= .83 

nROriRORd rd 

2 

X 

Green 

69 

52,42±1.03 

TiROfiROrd rd 

1 

0 


1 iJd factor class=average number of Rd (dwarf-red) factors. 

2 Theoretical average number of Rd factors is 1.6. It was rounded for convenience. 

The theoretical F 2 genotype ratio presented in table 1 was calcu- 
lated on the assumption that 2 pairs of complementary factors for 
anthocyanin color were involved, 1 pair in the homozygous condition 
giving red, the other pair in the homozygous condition 
{Rd Rd) giving dwaid red, and 1 member of each in the double-heteinzy- 
gous condition {Ri^^Vi^^Rd rd) giving the more intense color inter- 
mediate dark red, and the further assumption that plants with 3 color 
factors {Ri^^Ri^^Rd rdor Ri^^Vi^^Rd Rd) were not distinguished from 
those with4 colorfactors {Bi^^Ri^^RdRd). While the observed frequen- 
cies approach this ratio, the obtained value, 57.96, shows a poor fit 
(P=less than 0.01). However, from a backcross of the F 1 {Ri^^ri^^Rd 
rd) to the normal green parent {ri^ri^^rd rd) frequencies of 27 inter- 
mediate dark red, 33 intermediate red, 35 intermediate dwarf red, and 
29 green were obtained. These frequencies show a good fit (%^= 1.29, 
F=0.50“0.95) to the 1 : 1 : 1 : 1 ratio expected from the segregat^^ 
of 2 independent pairs of factors. 
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It may readily be determined from table 1 that the dwarf-red and 
dark-red phenotypes alone fell short of the expected frequencies. This, 
undoubtedly, was due largely to the failure of some plants with two 
Rd factors to survive to the time of classification. This fact alone could 
account for the poor fit of the F2 ratio. The backcross progeny, on 
the other hand, did not include any phenotypes homozygous for Rd. 
To obviate similar difficulties in the next generation, F3 progenies 
were classified as early as practicable- 

Measurements taken near the end of the growing season showed the 
phenotypes to differ in plant height (table 1). The analysis of vari- 
ance (table 2) brings out that these differences were highly significant 
(F= 142.73). From table 1 it appears that the differences in plant 
height between phenotypes were associated with differences in num- 
ber of Rd factors involved, the phenotypes with no Rd factors (class 
0) having the greatest plant height while those with two Rd factors 
(class 2) had the least. The analysis of variance (table 2) shows, in 
fact, that the differences in plant height between phenotypes were due 
almost entirely to height differences between Rd factor classes, which 
were highly significant (F=424.58) while height differences between 
phenotypes within Rd factor classes were not significant (F=1.80). 
This suggests that dwarf stature is closely associated with this factor 
for red plant color. 

Table 2. — Analysis of variance for plant heights of the F2 population from the cross 

dark red X normal green 


Source of variation 

Degrees of 
freedom 

Variance 

F value 

Between phenotypes 

6 

8, 589. 22 
25,661.32 
108. 17 

142. 73** 

Between factor classes ' 

2 ; 

424. 58** 

Within Md factor classes 

4 

1.80 

Within phenotypes 

677 

60. 18 



Total - - - 

683 







^♦Significant at the Lpercent point. 


The dark-red phenotype, classed as having 2 Ed factors (table 1), 
theoretically averaged only 1.6, because two plants out of five were 
of the genotype rd. The difference of 0,4 factor between 

1.6 and 2, the number of Bd factors for the dwarf-red phenotype, was 
associated with a mean difference in plant height of 3.41 inches, which 
in terms of its standard error is not significant (i=L69). 

The from the cross of dark red with the linkage tester consisted 
of 205 dark-red and 80 red plants, frequencies showing a good fit 
(x^= 1.43, ^=0.20-0.50) to the 3:1 ratio expected where dark red 
and the linkage tester are both homozygous for red. These results 
identified the red factor involved in dark red with that for Mrsutum 
red, previously reported by McLendon (S), Ware (S), and others 
under different symbols. 

F 3 PEOGENY TESTS 

For 4 of the F3 progenies from the cross of dark red with normal 
green, it was observed that the F2 phenotype classification had been 
incorrect. Out of 9 progenies from plants classed as dwarf red, 3 
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segregated as intermediate dwarf red; and out of 36 progenies from 
plants classed as intermediate dwarf red, 1 proved to be of dwarf 
red parentage. The failure to distinguish accurately between these 
phenotypes probably explains the high standard error of the mean 
height shown for dwarf red in table 1. The results of classifying the 
Fa progenies other than the 4 misidentified are presented in table 3. 

As expected from the genotypes postulated in table 1, three of the 
phenotypes listed in table 3 — red, dwarf red, and green— showed no 
segregation in the P3. The intermediate red and intermediate dwarf 
red each segregated into three phenotypes, the frequencies of which 
showed a close fit to the ratio 1:2:1. The intermediate dark red 
segregated into seven phenotypes, the frequencies of which showed 
a good fit to the ratio 5:4: 1:2: 1:2:1. The good fit in this case, 
contrasting with the poor fit of the F2 frequencies to the same ratio, 
is attributed in part to the fact that the F3 progenies were classified 
before the effect of the differential in survival among genotypes 
became pronounced. 


Table 3. — Observed distribution of plants of Fz progenies from 7 F 2 phenotypes 
from the cross dark red X normal green and tosts for goodness of fit to ratios 
expected on the basis of duplicate factors for red 


Fa phenotype 

P 3 

prog- 

enies 

Fs plants of indicated phenotype 

Theoretical 

ratio 

P 

Dark 

red 

Inter- 

medi- 

ate 

dark 

red 

Red 

Inter- 

medi- 

ate 

red 

Dwarf 

red 

Inter- 

medi- 

ate 

dwarf 

red 

Green 


Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 




her 

her 

her 

ber 

ber 

ber 

ber 

ber 





7 

0 

0 

0 

0 

0 

0 



Dark red 

\ 13 

183 

0 

57 

0 

_0j 

0 

0 

3:1 

0.20 0.50-0.95 


1 5 

40 

0 

0 

0 

18 

0 

0 

3:1 

1.13 .20“. 60 

Intermediate 











dark red 

52 

460 

335 

' 105 

186 

75 

161 

79 

5:4:1 :2: 1:2:1 

9. 72 , 10- . 20 

Bed 

23 

0 

0 

722 

0 

0 

0 

0 



Intermediate 











red 

38 

0 

0 

278 

636 

0 

0 

302 

1:2:1 

^3.44 .10-. 20 

Dwarf red 

16 

0 

0 

0 

0 

117 

« 

0 



Intermediate 











dwarf red 

335 

0 

0 

^ 0 

1 ■ 0 

254 

590 

280 

1:2:1 

3.99 .10“. 20 

Green 

25 

0 

,0 

i 0 

1 

0 

0 

1 

0 

735 




^ 3 additional progenies froiu plants classed as dwarf red in the Fa segregated as intermediate dwarf red. 
3 1 additional progeny from a plant exassed as intermediate dwarf red in the F 2 proved to be dwarf red. 


Of 19 F3 progenies from dark-red F2 plants, 1 did not segregate. 
The 7 plants in this progeny were all dark-red dwarfs. Thirteen 
progenies from dark-red F2 plants segregated for dark red and red, 
in frequencies showing a good fit to a 3 : 1 ratio. On closer inspection 
these 13 progenies were found to be separable into 3 classes — 66 
dark-red dwarfs, 117 lighter dark-red intermediate dwarfs, and 57 
red nondwarfs — frequencies which show a good fit to the ratio 
1:2:1 (x^=0.82, P—O.SO-O.OS). The frequencies of the remaining 
5 progenies from dark-red F2 plants showed a good fit to a 3:1 ratio 
for dark red and dwarf red. On closer study these 5 progenies were 
found to be separable into 3 classes— 12 dark-red dwarfs, 28 lighter 
dark-red dwarfs, and 18 dwarf reds— frequencies which show a good 
fit to the ratio 1:2:1 (x^=L31, P—O.SO^-O.QS). The^^^ results for 
the 3 types of progenies from dark-red plants would be expected 
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from the genotypes postulated in table 1 on the assumption that 
dwarf stature and red plant, color in the dwarf-red phenotype were 
due to a single factor or to completely linked factors. 

According to the theoretical ratios given in table 1 the expected 
distribution of a total of 19 F 3 progenies among the 3 genotypes 
Ed, rd, and Ei^^rd^^Rd Ed would approxi- 

mate the ratio' 4:8:8 if the 3 genotypes were equal in capacity to 
survive and mature seed. The observed frequencies, 1:13:5, agree 
with the results for the dwarf-red phenotype in showing lower capacity 
to reproduce on the part of the genotypes which were homozygous 
for Ed, 

Results of the Fg tests support the tentative finding based on F 2 
and backcross tests that the dark-i^ed character is due to the comple- 
mentary action of two factors affecting anthocyanin pigmentafion, 
one of these, Ei^^, being a factor for red and the other, Ed, being a 
factor for dwarf red, 

TESTS FOR INDEPENDENCE OF THE DWARF-RED FACTOR 

Absence of linkage between Ei^^ and Ed is evidenced by the Fg 
segregation of the intermediate-dark-red phenotype (table 3), the 
value for which shows a good fit to the ratio expected on the basis of 
independent inheritance. 

Additional tests for independent inheritance of dwarf red were 
available from the cross of dark red with the linkage tester. In- 
complete dominance of and Lci^ over their normal allelomorphs 
and the independent inheritance of these factors, demonstrated by 
Ware {9, 10), were confirmed by significant values for goodness of 
fit to the monohybrid and dihybrid ratios involved. Dominance 
of Fn, reported by Thadani (7) and later workers, and this factor’s 
independence of the three others were similarly confirmed. For 
convenience in applying the x^ tests to determine independence of 
dwarf red, the factors and were treated as dominants by 
including intermediate-okra-leaf plants in the okra classification and 
including intermediate-brown-lint plants in the brown classification 
(table 4). 

Tabi/E 4 .— tests for the dwarf-red factors independence of 3 factors of the linkage 

tester 


ICaloulated frequencies based on the observed single-factor segregation in the Fa from the Fi hybrid 

Rdrd Loio Lci^ Ici^ Fnfn] 



Plants of indicated phenotype 




Segregating factors 

Observed 

Calculated 



■'p. ■ 


Dark red 

Red 

Dark red 

Red 




Md and X®: 

Number 

i 

Number 

Number 

Number 




,'OkraU„--' 

40 

40 

48. 76 

40. 24 

} 

0. 01 

0.50-'0.95 

NormaL--. 

14 

12 

14.24 

11.76 

i?tf and Lci^: 






■ Brown '2_ 

46 

39 

46.57 

38. 43 

1 

,06 

, 50- , 95 

No.riaaL. 

17 

13 

16.43 

13.57 

/ 

BdBnaFn: 





r : 



. Naked_... 

41 

41 

44.92 

1 37.08 

i 

' ,2. 64' 

.10- . 20 

NormaL 

22 

11 

18. 08 

14. 92 



J Includes intermediate okra. s Includes intermediate brown. 



jime 1, 0 omplemeniary Factors for Dark-Bed Color 541 

TMnning the F 2 population to a single plant per hill altered the ratio 
of dark-red and red plants (originally 3:1). This invalidated the 
theoretical 9:3:3:1 dihybrid ratio for testing the dwarf-red factor's 
independence of the factors of the linkage tester. The observed 
frequencies were, therefore, tested against frequencies calculated 
from the observed single-factor segregation of the two pairs of genes 
in the manner described by Mather (f5). 

Since all F 2 plants wei'e homozygous for the presence of Rd, 
either homozygous or hetemzygoiis, resulted in a dark-red phenotype 
and its absence resulted in a red phenotype. In table 4, therefore, 
the dwarf-red factor's independence of the factors of the linkage 
tester is phenotypically expressed as the independent segregation of 
dark red. The observed phenotype frequencies do not differ signif- 
icantly from those expected on the assumption that Rd is inherited 
independently of and Fn, 

DWAEF-RED CHARACTER IN ACALA AND COOK 912 

Dwarf red Acala and dwarf red Cook 912 crossed with the linkage 
tester Ri^^L^Lci^Fn gave Fi progenies which in both cases were 
darker red than either parent. The F 2 from each cross segregated into 
seven plant-color classes similar to those of the F 2 from dark red X 
normal green. Tests for goodness of fit to the 5:4:1 :2:1 :2:1 ratio 
expected on the basis of independent inheritance resulted as follows: 
for the dwarf red Acala cross, x^=3.22, P~0.50-0.95; for the dwarf 
red Cook 912 cross, 15.36, P==0.01-0.02. 

The backcross to dwarf red Acala of the Fi from dwarf red Acala X 
Ri^^LPLci^Fn, on the assumption of independent inheritance, 
would be expected to give dark red, intermediate dark red, dwarf red, 
and intermediate dwarf red in the ratio 1:1:1 :1. The frequencies 
of a 310-plant population produced by such a backcross showed a 
good fit to the expected ratio (x^=5.0, P=0. 10-0.20). The frequen- 
cies of a 454-plant population produced by a parallel backcross in- 
volving dwarf red Cook 912 likewise showetl a good fit to the 1:1:1 : 1 
ratio (x^== 1.14, P~0.50-0.95). These results suggest that the mode 
of inheiitance was the same for both dwarf-red phenotypes. 

The two backcross populations were classified also as to interme- 
diate-okra versus normal leaf shape. The observed phenotype fre- 
quencies, presented in table 5, show a good fit in each case to the 
1 : 1 : 1 : 1 : 1 : 1 : 1 : 1 ratio expected on the basis of independence of the 
factor for dwarf red and that for okra leaf. These results agree with 
those for the Pd factor of the original dark red. 

Dwarf red Acala was distinguishable from dwarf red Cook 912, the 
latter being slightly darker pigmented and smaller. Mean plant 
heights of unreplicated plantings near the end of the 1946 growing 
season wein 19.4 inches for dwarf red Cook 912, 28.6 inches for dwarf 
red Acala, and 22.6 inches for their Fi hybrid. The Fi showed no 
complementary effect of color factors. The F 2 phenotype classes 
were not clearly defined, owing to the close similarity of the parents. 
Only 3 classes based on color intensity were distinguished, the Acala 
parent type, an intermediate, and the Cook 912 parent type. Fre- 
quencies of 26, 66, and 40, respectively, showed a good fit (x^=2,97, 
P—0.20-0.50) to the ratio 1 : 2 : 1, indicating that the 2 dwa 
factors were allelomorphic. 
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Table 5. — Observed plant frequencies for 8 phenotypes from the hackcross Rd 
l^l Ri^o^dL^Xri^^Rd Rd and values for goodness of fit of the jomt 

segregation to the expected :1:1: 1:1 ratio 


Plant-color and leaf-shape phenotype 

Observed frequency of 
plants from cross involV" 
ing*— 

Dwarf red 
Acala 

D warf red 
Cook 912 

Dark red, normal - 

Number 

45 

38 

43 

48 

25 

30 

30 

45 

Number 

57 

57 
68 
65 

58 
47 
51 
51 

Intermediate dark red, normal - 

Dwarf red , nnrmai .. _ 

Intermediate dwarf red, normal - 

Dark red, intermediate okra , 

Intermediate dark red, intermediate okra - ... 

Dwarf red, intermediate okra..-. - 

Intermediate dwarf red, intermediate okra ... 

Total - — 

310 
• 11. 75 

0. 10-0. 20 

454 
6. 30 
0. 50-0. 95 

P : 



Dwarf red Acala was indistinguishable from the dwarf-red pheno- 
type whicli segregated out of the original dark red. This fact, to- 
gether with the evidence from the r2 and hackcross tests, suggests 
that in these two cases the dwarf-red factors may be identical. 

SUMMARY 

A dark-red, dwarf phenotype here designated as dark red was iso- 
lated at Stoneville, Miss., from a culture of red Acala cotton. 

Crossing dark-red with normal green cotton gave seven readily dis- 
tinguishable color classes in the Fo, whose frequencies suggested that 
dark red was due to the complementary action of two pairs of factors 
(Ri^^Ri^^BdRd). Observed plant frequencies in a four-color classi- 
fication of the progeny obtained by backcrossing the Fi to normal 
green showed a good fit to the 1 :T : 1 : 1 ratio expected from the 
segregation of two independent pairs of factors. 

In the F2, significant differences in plant height appeared between 
phenotypes which differed in number of Rd (dwarf-red) factors, but 
not between phenotypes which had the same number of Bd factors. 
The contrast suggests that dwarf stature is closely associated with 
this factor for red plant color. 

F2 ckssifications and postulated genotypes were verified by F3 data, 
which showed good fit to expected ratios for three F2 phenotypes and 
no segi^egation for three others presumed to be homozygous. One 
phenotype was shown to consist of three genotypes as postulated. 

Results of crossing dark red with the linkage tester Ri^^L^Lci^Fn 
identified the red-plant factor involved in dark red with the factor 
Bi^^ and showed the dwarf-red factor to be independent of the factors 
for okra leaf, brown lint, and naked seed. 

Wh-en dwarf red Acala and dwarf red Cook 912, both of which 
originated as red chimeras on normal green plants, were crossed with 
the linkage tester bearing the factor they segregated in the F2 
into seven color classes similar to those obtained by crossing dark 
red with normal green. Results from the backerosses of the Fi prog- 
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enies to tlie dwarf red parents showed the dwarf-red factor in each 
case to be independent of the factor for okra leaf. 

The frequencies of the F 2 phenotypes from dwarf red Acala X dwarf 
red Cook 912 showed a good fit to the ratio 1:2:1, indicating that 
the dwarf-red factors in these two stocks were allelomorphic. 

It is suggested that dwarf red Acala and the dwarf-red phenotype 
which segregated out of dark red may be controlled by identical factors. 
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FORECASTING LATE BLIGHT EPIPHYTOTICS OF 
POTATOES AND TOMATOES^ 

By Harold T. Cook ^ 

Formerly plant pathologist Virginia Truck Experiment Station, Norfolk, Va. 

INTRODUCTION 

A method of forecasting epiphytotics is essential to the practical 
and profitable use of sprays and dusts for plant-disease control. The 
routine application of fungicides that is so often recommended is 
economically sound only for those areas where disease losses occur 
with sufficient regularity so that the benefits over a period of years 
will profitably counterbalance the cost of spraying or dusting every 
year. 

Even such a disease as late blight of potatoes is usually epiphytotic 
in less than 50 percent of the years. Lutman (9) ^ reports it important 
in only 7 out of 20 years in Vermont, Martin (10) in only 13 out of 
34 in New Jersey, Moore (12) in only 5 out of 20 in South Carolina, 
and in eastern Virginia it has caused serious damage in only 2 years 
in the last 31. It is obvious that tremendous savings in time and 
money and better disease control would be obtained if the growers 
were able to dispense with spraying or dusting in years when blight 
is not likely to cause serious damage and yet treat extra thoroughly in 
years when the disease threatens to develop. Late-blight fore- 
casting in areas where anthracnose is serious would make it possible 
to use the fungicides that prevent anthracnose until late blight 
threatened to develop instead of the alternating spray schedule. 

A method of forecasting late bhght in eastern Virginia was developed 
following the epiphytotic in 1946 (d) and was given a practical test 
in 1947 (6). The forecasts in 1947 indicated correctly that late 
blight would not be important and enabled the growers to dispense 
with needless spraying or dusting. The potential savings from not 
having to spray or dust the 30,000 acres each of potatoes and toma- 
toes are estimated to have amounted to approximately $2,000,000 
■in 1947."^ 

The forecasting method developed for eastern Virginia is new and 
is not perfect. It was modified to some extent during the 1947 
season, and further improvements are anticipated. In its present 
form, it is about 84 pei’cent accurate for eastern Virginia, and prelimi- 
nary studies indicate that the basic principles of this method may be 
used in other areas, 

1 Received for publication January 24, 1947. 

2 The author wishes to express his appreciation to T. J. Nugent, associate 
plant pathologist, for suggestions and criticism throughout the progress of this 
■work., ■ ■ 

2 Italic numbers in parentheses refer to literature Cited, p. 663. 

^ Based on six to seven applications at $5 an application. 
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REVIEW OP LITERATURE 

The iiteratuie on the relation of late blight to the climatic condi- 
tions is extensive, and attempts, with varying degrees of success, 
have been made to forecast epiphytotics. Lutman (P) chartered the 
weather in relation to lat e-blight epiphytotics in Vermont for the 
20-year period from 1891 to 1910 and concluded that the chief factor 
was rainfall, but that it is limited in its effects by temperature, sun- 
shine, and probably wind. Martin {10) concluded from a study of the 
weather for the 34 year period from 1889 to 1922 that late blight 
epiphytotics in New Jersey were favored by wet, cool weather in 
July. Samson {ISy chartered the 60-year Indiana State average 
temperature and rainfall for June, July, August, and September and 
compared them with the temperature and rainfall for the northern and 
southern parts of the State in 1945 and 1946 when late blight occurred. 
He concluded that serious blight may develop when mean temper- 
atures range below normal and rainfall is slightly to considerably 
above normal in one or more of the months of July, August, and 
September. ' 

Van Everdingen {H) defined four climatic conditions that are 
essential to the development of a late blight epiphytotic: 

(1) Night temperature below the dewpoint for at least 4 hours; 

(2) Minimum temperature of 10°C. (50°F.) or above; 

(3) Mean cloudiuess on the following day of 0.8 or above; 

(4) Rainfall during the next 24 hours of at least 0.1 mm. 
These four conditions were confirmed by Van Poeteren {15) and 
made the basis for a late-blight warning service in Holland in 1928. 
Wiltshire (jfP) studied the Dutch data and found that the four con- 
ditions laid down by Van Everdingen were in close agreement with 
the climatic conditions preceding bhght epiphytotics in England. 
Beaumont, Hodson, and Stanilund (f) also confirmed Van Ever- 
dingen’s findings and in addition noted that a high relative humidity 
(75 percent or above) was an important influencing factor. Beau- 
mont and Stanilund {^) noted that a high relative humidity at 3 p. m. 
indicated a high relative humidity all day and concluded that an 
epiphytotic was indicated if the relative humidity was not below 
75 percent at 3 p. m. for two successive days and the temperature was 
not too low. They {3) set up the following five conditions necessary 
to count a day favorable for late blight : 

(1) Dew either the night before or in the morning; 

(2) Minimum temperature of 50° F. or above ; 

(3) Sunshine less than 5 hours ; 

(4) Rainfall at least 0.01 inch; 

(5) Relative humidity at 3 p. m. not less than 75 percent. 

Later they (4) reduced the factors for forecasting to two: 

(1) Minimum temperature 50° F. or over; 

(2) Relative humidity not under 75 percent for at least 2 days. 

Moore {!£) set up a forecasting system for the Charleston, S. C., 

area based on the total monthly rainfall and number of days with 
0.2 inch or more of rain in March, April, and May. He reported 
that he did not find any correlation with the mean monthly tempera- 
ture or the relative humidity. 
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Melhus {11) reported on attempts at forecasting late blight for 
the upper Mississippi Valley States for the years 1941 through 1944. 

THE VIRGINIA FORECASTING METHOD 

The forecasting method for eastern Virginia is based on a compari- 
son of the average rainfall and average melan temperature of the 
blight and nonblight years during the 17-year period from 1930 
through 1946. This period was used because the writer knew from 
personal observation when blight occurred and how serious it was 
in most of these years. The critical period when blight epiphytotics 
start was determinedj and charts were developed by which it is pos- 
sible to compare the current season temperature and rainfall with 
the conditions that favor a late-blight epiphytotic. 

The critical temperature above which blight would not be im- 
portant was considered to be 75° F. This was based on Crosier’s 
findings (7) that infection dropped from 89.81 percent at 69.8° (21° C.) 
to 18.19 percent at 75.2° (24° C.) and to only 2.34 percent at 77° 
(25° C.). Although sporulation and infection may take place at 
temperatures over 75°, the amount of infection at the higher tem- 
peratures is so small that the fungus would multiply too slowly to 
cause an epiphytotic. The temperature was expressed as the mean 
of the 24-hour maximum and minimum. Although such a mean is 
not so true an expression of the average temperature as an hourly 
average or thermograph average, as has been shown by Hartzell 
(S), it is the most practical since that is the type of weather data 
that are usually available for a long period of years. 

The critical period when late blight epiphytotics develop was do- 
I termined by (1) the records of the first appearance of the disease in 
Hhe blight years, and (2) by means of a graph on which the moving 
7-day total rainfall and 7-day average mean temperature were plotted 
for the blight and nonblight years (fig. 1). On this chart, each point 
on the rainfall lines represents the total rainfall for the 7-day period 
ending that day, and each point on the temperature lines represents 
the average of the mean temperatures of the days during the 7-day 
period. This chart shows that the temperature was bdow 75° F. 
and therefore favorable for the disease until about the middle of June 
in both blight and nonblight years. iValso showed that the rainfall 
during the last three weeks of May was much heavier in the blight 
years than in the nonblight years. Blight was observed on June 6 
in 1938 and on May 23 in 1946. It was probably present earlier in 
1938 but was overlooked until June 6. The differences in rainfall in 
May for the blight and nonblight y-ears and the dates when blight 
occurred indicate that the critical period when late-blight epiphytotics 
start in eastern Virginia is in May. The rainfall lines on the chart 
diverge on May 14; and since the rainfall plotted on that date repre- 
sents the total rainfall of the preceding 7 days, the conditions favoring 
blight are considered to have started about May 8. 

A chart (fig, 2) was prepared showing the average cumulative 
rainfall and average temperature for the critical period (beginning 
May 8) for the 2 blight years and the 15 nonblight years during the 
period 1930-46. Then a straight median line was constructed be- 
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NONBLIGHT YEARS 
BLIGHT YEARS 


Figure 1 . — Comparison of the rainfall and temperature of .15 non-blight years 
and 2 blight years at Norfolk, Va., by means of 7-day moving chai-ts. F^ach 
point on the rainfall lines represents the total rainfall for the 7-day period 
ending that day, and each point on the temperature lines represents the average 
of the mean temperatures of the days during the 7-day period. 




NONBLIGHT YEARS 

BLIGHT YEARS 




8 14 21 28 4 II 18 25 2 9 16 23 30 


may JUNE JULY , 

Figure 2. — Comparison of the cumulative rainfall and average mean tempera- 
tures of 15 nonblight and 2 blight years at Norfolk, Va., in relation to the 
critical temperature and rainfall lines. These data were plotted at 7-day 
.intervals. ' „ ' 
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FiGiTRis 3.— Comparison of the cumulative rainfall and the 7-day moving average 
temperature of two late-blight years (1938 and 1946) and four noiiblight 
years (1931, 1933, 1937, and 1944) at Norfolk, Va., with the critical rainfall 
and temperature lines. 
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tween the lines for rainfall for the blight and nonblight years either 
by inspection or by the method of least squares. This line,^ designated 
the critical rainfall line, is used 'as a measure for determining if the 
rainfall at any time in the critical period is sufficient to favor a late- 
blight epiphyte tic. 

The rainfall and temperature of the two blight years and lour ol 
the nonblight years are compared with the critical rainfall and tem- 
perature lines in figure 3. The temperature stayed below 75^^ F. and 
the rainfall above the critical rainfall line for the first four weeks in 
1938 and for the first six weeks in 1946, the years when blight was 
serious. In 1931 and 1937 both temperature and rainfall were favor- 
able for only the first week, while in 1933 and 1944 there were no 
periods of a week or more when both factors were favorable for blight. 
Although the rainfall in 1937 was above the critical line after June 7, 
there was no danger of an epiphytotic because the temperature had 
been above 75° since Alay 28. 

The rainfall and temperature data for the period 1917 through 1947 
were analyzed, as described, and the results are summarized in 
figure 4. According to observations and records, blight was epiphy- 
totic only in 1938 and 1946. Conditions were favorable for blight 
for the first four weeks of the critical period in 1938 and for the first 
six weeks in 1946. The only other year when the weather corre- 
sponded to those conditions was in 1929. However, the disease was 
not reported in eastern Virginia for that year in the Plant Disease 
Reporter or in the station files. It is also difficult to explain the lack 
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Figube 4. — ^Summary of the temperature and rainfall in relation to the impor- 
tance of late blight at Norfolk, Va., for the period 1917-47. 
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of reports on late blight in 1924 except that the rainfall was not 
favorable until a week later than in 1938 and 1946. 

In making forecasts from the chart in figure 4, spraying or dusting 
would be recommended after two consecutive weeks of favorable 
temperature and rainfall in May, and recommendations to cease the 
treatments would be made after 2 weeks of weather unfavoraWe for 
blight. On this basis, if the forecasting had been in use since"1917, 
spraying or dusting would have been recommended in 1921, 1924, 
1929, 1934, 1938, 1943, and 1946, or in 7 out of 31 years. Late 
blight did not cause damage in any of the 24 years when treatment 
would not have been reepmmended, but it was serious in 2 and not 
serious in 5 of the other years. Spraying would have been eliminated 
in 77 percent of the years, and the predictions would have been 84 
percent correct. The only error would have been in spraying in five 
seasons, when late blight actually threatened but was checked by the 
intervention of hot or dry weather or other factors before serious 
damage was done. 

USE OF THE FORECASTING METHOD IN OTHER AREAS 

In order to see if the forecasting system would work in other areas, 
the weather data at Charleston, S. C., for April and May for the 
years 1917 through 1947 were analyzed, and a critical rainfall line 
was developed for that area. The Charleston area was chosen for 
this study because it had already been the subject of a forecasting 
attempt by Moore {12), and there were published data on the oc- 
currence of late blight there. 

The moving 7-day chart (fig. 5) indicates that the critical period 
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Figure 5.— -Comparison of the rainfall and temperature of 23 nonblight years 
and 8 blight years at Charleston, S. G., by means of 7-day moving charts. 
Each point on the rainfall lines represents the total rainfall for the 7-day period 
ending that day, and each point on the temperature lines represents the aver- 
age of the mean temperatures of the days during the 7-day period. 
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Figure 6."— Comparison of the cumulative rainfall and 7-day moving average 
mean temperature of six typical years at Charleston, S. C., with the critical 
ramfali and temperature lines for that area. The rainfall was too low for a 
blight epiphytotic in 1919, 1930, and 1941, was favorable in 1944 and 1946, 
and intermediate in 1929. 
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begins about April 9. The rainfall and temperatures for six of the 
typical years are compared with the critical rainfall and temperature 
in figure 6. 

It is obvious from these charts that the rainfall in 1919, 1930, and 
1941 was too low to favor an epiphytotic of late blight, and the rain- 
fall in the blight years 1944 and 1946 was high enough to favor the 
disease. The year 1929 was a border-line one that would have been 
difficult to forecast. Blight actually caused serious damage that year 
even though the rainfall never rose above the critical rainfall line. 
However, the critical rainfall and 1929 rainfall lines on the chart 
were nearly parallel and so close together that recommendations to 
spray or dust would have been justified. 

The data for the 31 years are summarized in figure 7. If forecast- 
ing for the Charleston area were based on two consective weeks of 
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Figure 7.— Summary of the temperature aud rainfall in relation to the impor- 
tance of late blight at Charleston, S. C., for the period 1917-1947, 

blight-favorable rainfall and temperatures during the period April 8 
to May 7, the seasons 1920, 1921, 1924, 1928, 1933, 1934, 1937, 1943, 
1944, 1945, 1946, and 1947 would have been considered favorable for 
the disease, and control measures would have been recommended. 
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Actually^ late blight was epiphyte tic or started to be serious in 6 of 
these 12 years. No blight or only traces of blight were reported in 
18 of the other years. The disease caused serious damage in 1929, 
even though this chart indicates that conditions were unfavorable. 
However, error in making recommendations for 1929 would have 
been avoided, since the graph in figure 6 would have shown that it 
was a border-line year, and control measures would have been rec- 
ommended. 

Forecasts based on the graphs in figure 6 and the chart in figure 7 
would have made it possible to eliminate spraying or, dusting safely 
in 18 of the 31 years, or 58 percent of the time. Blight would actually 
have caused serious damage in 7 of the 13 years when control measures 
were recommended. The predictions would have been correct in 25 
of the 31 years, or 81 percent of the time. 

Moore {12) designated 1917, 1920, 1922, 1924, and 1929 as serious 
blight years, but according to the chart in figure 7, the weather was 
not favorable for an epiphytotic in 1917, 1922, and 1929. Reports in 
the Plant Disease Reporter ^ show that, although the disease was 
reported in 1917, it was scattered and never became economically 
important. This is in agreement with the chart. According to the 
Plant Disease Reporter Supplement,® blight was not found in 1922 
until May 23, and the loss was estimated at only 2 percent. This is 
also in agreement with the chart. The 1929 season has already been 
discussed. 

ACTUAL FORECASTING IN EASTERN VIRGINIA IN 1947 

The real test of the forecasting method is to make predictions about 
blight during the season. This was done in 1947, when it was accu- 
rately predicted that late blight would not be epiphytotic in eastern 
Virginia. Four forecasts were issued to the newspapers, county 
agents, and the Late Blight Warning Service ^ at weekly intervals 
beginning on May 15. They were as follows: 

May i5\ 1947: Weather conditions during the week beginning May 8th have 
not been favorable for the late blight disease to develop on the potato and tomato 
crops. There has been only 21 hundredtlis of an inch of rain during the week 
which is considerably less than would be necessary for the disease to develop. 

The five day forecast issued by the Weather Bureau on May 13th indicated 
that only about inch of rain is expected between that date and May 18th. 

Unless unusually heavy rains occur, it is unlikely that late blight will be im- 
portant in the spring and summer potato and tomato crops in 1947. Therefore, 
it probably will not be necessary to spray or dust to control this disease. 

Further notice will be given if the future weather conditions become favorable 
for blight. 

May 1947: The weather continues unfavorable for the late blight disease 
to develop on potatoes and tomatoes.. Rainfall at Norfolk during the two week 
period beginning May 8th amounted on only 33 hundredths of an inch. This is 
considerably less than is necessary for late blight. In 1938 and 1946 when late 

® ANONrYMOUS. POTATOES. LATE BUOHT CAUSEU BY rHYTOPirTBOBA INFM8TANS, 

U. S. Bur. Plant Indus., Plant Bis. Rptr. 1: 12, 105. 1917. [Frocessed.] 

late blight caused by PEYTOPETEOBA mFB8TAn8 {mOm4 DE BARY. 
U. S. Bur. Plant Indus., Plant Bis. Rptr. Sup. 26: 8. 1923. [Processed.] 

^ COOK, H. T. DEVELOPMENT OF TOMATO AND POTATO LATE BLIGHT. U. S. Bur, 

Plant Indus., Plant Bis. Survey, Late Blight Warning Service, Nos. 12, 14, 15, 
and 17, 1947. [Processed.] 
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Figure 8, — Forecasting charts for 1946 and 1947 at Norfolk, Va. In these 
charts, the cumulative rainfall is plotted at daily intervals, and the temperature 
is plotted as the daily mean and the 7-day moving average. 

blight was important, more than inches of rain fell during the same two week 
period. ■ 

Under the present weather conditions, it is not necessary to spray or dust 
potatoes or tomatoes for late blight control. 

Mat/ 1^47: The weather conditions are still unfavorable for the late blight 
disease to develop on potatoes and tomatoes. The 91 hundredths of an inch of 




556 


Journal of Agricnliura! Research 


Vol. 7S, No. 12 


rain recorded by the Norfolk Station of the Weather Bureau during the week 
begiiining May 22iid benefitted the potato and tomato crops but was not enough 
to favor late blight. . . ■ ^ , 

The five-day weather forecast issued May 27th indicated above^norinal temper- 
atures for the period and about to 1 inch of rain on Bh'iday. these conditions 
will also be unfavorable for blight. 

Since the weather has been unfavorable for late blight during the first three 
weeks of the critical period, it is unlikely that the disease will be important during 
the summer of 1947. 

June 0 , 1947: There is very little chance that late blight will be important bn 
potatoes and tomatoes this season. The weather conditions during the. week 
beginning Mav 29th have continued to be unfavorable. Only 16 hundredths of 
an inch of raiii was recorded by the Norfolk Weather Bureau office during that 
week. This amount is considerably less than would be required for blight to 
develop. The five-day weather forecast issued June 3rd indicates only 3 tenths of 
an inch of rain for the five-day period. 

No forecasts were made after June 5, since the critical period when 
blight developed in 1938 and 1946 had passed and the te,mperature 
during the next week was about 75° F. Traces of blight did develop 
in a few fields during the last half of June and again during the latter 
part of July. These were local outbreaks and were checked by the 
higher temperatures that followed. 

Forecasting charts for 1946 and 1947 are shown in figure 8. The 
graph for 1947 is not in exact agreement with the forecasts as the chart 
starts with the actual rainfall on May 8, whereas the daily weather 
report, issued on the morning of May 8, but actually giving the pre- 
cipitation of 0.21 inches on May 7, was used in making the forecasts. 
Both the daily mean temperature and the 7-day average of the daily 
mean are shown in the graphs. The 7-day average gives a much 
smoother and more easily analyzed line than, the widely fluctuating 
daily mean and also indicates the average temperature much better. 

The two graphs in figure 8 show that there was miich more rain 
during 1946, when blight caused serious damage, than in 1947, when 
there were only traces of the disease. They also show that the temper- 
ature tended to be higher generally in 1947 than in 1946. 

AREA COVERED BY FOEECASTING CHAKTS 

Since the forecasts for eastern Virginia were based on the records 
of the United States Weather Bureau Station at Norfolk, the question 
arose how big an area could be reliably served by them. To determine 
this point, the forecasting charts for Norfolfi; were compared with 
similar ones based on the weather records at Onley, Va., which is on 
the Eastern Shore peninsula and about 60 miles north of Norfolk, 
and Roanoke, which is about 300 miles to the west and 900 feet higher 
in elevation. The average mean temperatures and rainfall for the 
three localities are compared for the 15 nonblight years in figure 9, 
and for the blight year 1946 in figure 10. The temperature and rain- 
fall lines are remarkably similar for the three localities. The most 
significant difference is that the temperatures at Onley and Roanoke 
avera,ge from 2° to 3° lower than at Norfolk, It would appear from 
these charts that the forecasts made on the Norfolk records would be 
reasonably accurate for at least the eastern part of Virginia and fairly 
accurate for the Roanoke area, provided allowance was made, for 
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Figijke 9. — Seven-day moving charts comparing average rainfall and temperature 
of the 15 nonblight years at Norfolk and Onley (A) and Norfolk and Roanoke 


lower temperatures as the distance to the north or the elevation in- 
creased. 


COMPARISON OB^ THE 1946 AND 1947 SEASONS 

The weather for the 1946 and 1947 potato and tomato growing 
seasons was compared for Norfolk, Onley, and Roanoke, Va.; Salis- 
bury, Md. ; and Dover, Del. The purpose was to see how the seasons 
had difi’ered and to correlate these differences with the date of occur- 
rence and severity of blight. (Salisbury is approximately 45 miles 
north of Onley, and Dover is 55 miles north of Salisbury.) These 
comparisons are shown in the 7-day moving charts in figure 11. 

The chart for Norfolk shows that late blight in 1946 was correlated 
with the heavy rainfall in May. There was less rain during that 
period in 1947, and the blight did not develop until a period of moder- 
ately heavy rain and low temperature after the middle of June. The 
disease did not cause serious damage in 1947 because it started late 
and was cbecked by high temperatures about the end of June. A 
second outbreak of blight developed on tomatoes during a cool, rainy 
period the last half of July in 1947. Although generally distributed, 
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Figuke 10. — ^Seven-day moving charts comparing average rainfall and tempera- 
ture of the blight year 1946 at Norfolk and Onley (A) and Norfolk and Roanoke 
(B). 


the disease caused damage in only a few isolated fields and disappeared 
early in August when the weather became dry and hot. 

The contrast between the two seasons was even more striking at 
Onley than at Norfolk. Rainfall was very heavy in May and early 
June in 1946, and the late-blight epithytotic started about May 23. 
Very little rain fell during the same period in 1947, and no blight was 
found in the potato or tomato crop in the southern part of the Eastern 
Shore peninsula. An epiphytotic of short duration did develop in a 
small section of the Shore about 15 miles north of Onley during a 
rainy, cool period the last week in July. This epiphytotic was checked 
by high temperatures the first week of August. 

The first report of late blight in the Roanoke area in 1946 was on 
May 27.® This was correlated with the heavy rains during the last 
half of Ma y. The same period in 1947 was relatively dry, and no 

_ ® Fenne, S. B. late blight on potato in westebn vikginia. U. S. Bnr, 
Plant Indus., Plant Bis. Rptr. Sup. 164 : 283, 1946. [Processed.] 
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blight was reportexl until July 10.®® The 1947 outbreak comcidecl 
with moderately heavy rainfall and a low temperature. Probably 
late blight would have been reported from the Roanoke area about 
June 2i if a survey had been made at that time. Low rainfall the 
last two weeks of July and high temperatures in August^ kept the 
disease from spreading rapidly in 1947 even though a very rainy period 
occurred the last half of that month. 

The chart for Salisbury, Md., shows that the 1946 and 1947 seasons 
were veiy dissimilar. There were three rainy periods in 1946, and the 
first report of late blight was made on June 4*^ following the heavy 
rains in the last half of May. The rainfall was low to moderate iii 
the latter year, and late blight was not I'eported until July 2. This 
report is correlated with a period of low temperature during the last 
half of June. High temperatures during most of July and all of 
August prevented the disease from developing to epiphytotic propor- 
tions. In summarizing the late blight situation in 1947, Cox^^ re- 
ported that in contrast with 1946 there was no time during 1947 
when late blight was truly epiphytotic throughout Ma,ry^nd. He 
also stated that over-all losses from late blight were very light in spite 
of severe damage in small areas. 

These two seasons were much more alike at Dover, Del., than at the 
other four localities studied, except for a very significant difference in 
temperature in August. Although late bliglit was found in two fields 
on May 29 in 1946, the initial wave of heavy infection did not occur 
until the first week in July. This outbreak coincided with a rainy 
period the last few days of June and first week of July and tempera- 
tures below 75° F. for about a week. Although the disease was 
checked temporarily by high temperatures about July 22, another 
rainy period early in August and moderate rains and low tempera- 
ture during the rest of that month enabled the disease to spread rapidly 
and to destroy the crop by August 23,^^ 

No late blight was reported until June 25^® in 1947 even though 
the weather in May and June was about the same as in 1946. This 
local outbreak was still static on July 22, but the disease spread 
rapidly during the following week, and infection was state-wide by 
July 31. This rapid spread coincided with a period of moderate rahi- 
fall and low temperature from July 22 to 30. In summarizing the 
late-blight situation in 1947, Heuberger stated: 

Very little spread and development of late blight occurred after July 31 as the 
weather from then on, particularly the first half of August, was generally nnfavor- 
able.. 


Fenne, S. B., and Wingaed, 8. A. late blight of tomatoes in western 
VIRGINIA. U. 8. Bur. Plant IndiLS., Soils and Agr. Engineering, Plant Dis. Reptr. 
Sup. 171:209, 1947. [Processed.] 

^ Cox, C. E., Jehle, R. a., and Woods, M. W, late blight of potatoes and 
TOMATOES ON THE EASTERN SHORE OF MARYLAND. U. S. Bur. Plant IikIuS, 

Plant Dis. Rptr. Sup. 164: 284. 1946. [Processedd 7 

LATE BLIGHT IN MARYLAND IN 1947. U. S. Bur. Plant Iiidus., Plant Dis. 
Rptr. Sup. 171: 213, 1947. [Processed.] 

Heuberger, J. W. late blight in Delaware. XJ. S. Bur. Plant Indus., 
Plant Dis. Rptr. Sup. 164: ,285. 1946. [Processed.] 

12 BLIGHT OF TOMATOES IN DBT.AWARE — 1946. U. S. Bur. Plant 

Indus., Plant Dis. Rptr. Sup, 165: 319^321. 1946. [Processed.] 

LATE BLIGHT OP TOMATOES IN DELAWARE 1947. U, S. Bur. Plant Illdus 

Plant Dis. Rptr. Sup. 171: 216-217. 1947. [Processed.] 
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This observation is in general agreement with the chart which shows 
that the temperature was F. or above in August except for a period 
of 5 days from Augustus to 10. 

The comparison of the two seasons at these five locations indicates 
such a close correlation of the severity and time of development 
of late blight with the temperature and rainfall that the importance 
of the disease in any season appears to be more dependent on the 
weather conditions than on air-borne inoculum from the more 
southern areas. 

DISCUSSION 

The successful forecasting of late blight in eastern Virginia in 1947 
and the study of the relation of the temperature and rainfall to the 
occurrence of the disease during the last 31 years at Norfolk, Va., and 
Charleston, S. C., indicate that it is possible to predict the probable 
importance of this disease with better than 80 percent accuracy in 
those areas. 

The forecasts are for epiphy totics that affect the whole areas and do 
not apply to minor or local outbreaks of the disease. Even when most 
of an area is entirely free of the disease, local outbreaks may occur in 
individual fields if they are on low land, surrounded by high wind- 
breaks or have been in the path of a succession of local showers. Also 
minor outbreaks may affect a considerable proportion of the acreage 
but not cause serious damage, because the weather conditions favorable 
for blight are of short duration. 

The basic feature of the forecasting method described in this paper 
is that the predictions are made from charts of the temperature and 
rainfall instead of from field surveys for the presence of the disease or a 
general impression of the weather. The presence of the disease in 
fields where the environmental conditions are especially favorable for 
late blight does not necessarily mean that an epiphy totic is starting, 
and yet it may be so alarming that general spraying or dusting would 
be advised* A general impression of the weather is not accurate 
enough to serve as a basis for plant-disease-control recommendations. 
The weather of the last few days or extremes of temperature or rainfall 
make it diflScult to recognize what the actual average weather has been. 

The weather data from which the forecasting charts are prepared 
are the temperature and rainfall records of the United States Weather 
Bureau observers. These data are available for many localities and 
usually cover a long period of years. Although the development of 
late blight may be correlated with high humidity, relative humidity 
Tecords are not so generally available or complete as rainfall records 
and therefore are not so practical for use in forecasting. 

The basic principle in analyzing and charting the weather data is to 
express the average conditions instead of daily variations. In these 
studies, a unit of 7 days was found to give a good indication of the 
relation of the weather to late blight. Lines on the charts based on 
the 7-day units were much smoother and more easily interpreted than 
were the widely fluctuating lines based on daily records. No attempt 
was made to use totals or averages of calendar weeks or months since 
these periods do not necessarily coincide with the time of development 
or duration of an epiphytotic. The 7-day moving charts were useful 

84;jC15— 49" 
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in determining tlie critical period and in comparing -the weather of 
different years or different localities. The cimiulative rainfall chart 
was better for the actual forecasting. Both types of charts should be 
used simultaneously in boiherdine years. 

Information on the past occurrence of late blight was obtained from 
the Hant Disease Keporter and Supplements and from the experiment 
station files.^ In many cases this information is not so complete as 
could be desired. Frequently an outbreak of late blight was reported 
but was not followed by reports on the subsequent severity or duration 
of the disease. Late blight may have gone unreported in some years 
because of lack of a survey by a pathologist interested in that crop. 
The more detailed information about late blight which is being 
collected by the Late Blight Warning Service should be especially 
valuable for future studies. 

Although the forecasting system described in this paper appears to 
work in the coastal areas for the potatoes and tomatoes planted in the 
spring and maturing in the summer, it may need considerable modifica- 
tion to adapt it to winter crops, such as are grown in Florida, crops 
grown at higher elevations where dews are more of a factor, and in the 
more northern States where the crops mature in the falL 

SUMMARY 

Routine spraying or dusting is not economically practical for late- 
blight control in many areas. A method for forecasting the probable 
importance of the disease would make it unnecessary to apply fungi- 
cides unless the disease threatened to cause serious damage. 

A forecasting method developed for eastern Virginia was used 
successfully in 1947. The same system was found to be adaptable to 
the Charleston, S. C,, area. 

The forecasts were based on charts prepared from an analysis of 
temperature and rainfall in relation to the occuiTcnce of late blight 
in the 17-year period 1930-46. 

Predictions based on these charts would have been correct 84 
percent of the time in the 31-year period 1917-47 at Norfolk, and 
81 percent of the time during the same period at Charleston. The 
error would have been in the years when spraying was recommended 
but the disease failed to reach epiphyte tic proportions. 

The charts for Onley, 60 miles north of Norfolk, and Roanoke, 300 
miles to the west, show remarkably similar trends in temperature and 
rainfall and indicate that the forecasts may apply to a fairly large area 

Comparison of the charts for 1946 and 1947 at Norfolk, Onley, and 
Roanoke, Va., and for Salisbury, Md. and Dover, Del, show a close 
correlation of the time of appearance and severity of late lilight with 
the temperature and rainfall of the two seasons. 
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INVESTIGATION OF ROTENONE AND BENZENE HEXA- 
CHLORIDE DUSTS FOR THE CONTROL OF INSECT 
ECTOPARASITES ON SHEEP^ 

Robekt J. Bicke, assistant professor, Department of Economic Entomology, 
Arthur L. Pope, assistant professor, Department of Animal Husbafidry, Robert 
W. Bray, instructor, Department of Animal Husbandry, and Flora IIannino^ 
professor, Department of Home Economics, Wisconsin Agricultural Experiment 
Station 

INTRODUCTION 

The best time to treat sheep in Wisconsin for ectoparasites is 
immediately after shearing. For this purpose, dusts are more desirable 
than either dips or sprays since shearing frequently occurs during cold, 
early spring weather. Matthysse ^ reported effective control of sheep 
ked, Melophagus ovinus (L.) on feeder lambs with a rotenone dust 
(approximately 0.5-percent rotenone content) applied by means of a 
power duster. Dicke, et al ^ further demonstrated that a 1-percent 
rotenone dust gave a good, practical control of ked on unshorn sheep. 
Applications were made at the rate of 4 ounces per mature animal, 
using a simple hand-plunger duster. At a later date, preliminary 
trials indicated that benzene hexachloride was also a potentially 
effective insecticidal dust for application to sheep. 

Several workers, however, have demonstrated the possibility that 
meat from animals dusted or sprayed with benzene hexachloride may 
be tainted. Hixson and Muma^ first reported an off-flavor and odor 
in eggs exposed in a chicken house previously sprayed with a 5-percent 
benzene hexachloride suspension (0.25-percent gamma isomer content). 
During later trials these workers ^ reported off-flavor and odor in the 
flesh of chickens sprayed directly with a 0.25-percent gamma isomer 
benzene hexachloride suspension, or when housed in sheds previously 
sprayed with this insecticide. Grummer, et al ® reported off-flavor 
contamination of pork muscle and fat following benzene hexachloride 
treatments of hogs 24 hours previous to slaughter. No contamination 
was observed following treatments 10 days or more before slaughter. 

vSheep infested with ked, M, ovimiSj and a species of chewing louse, 
Triehodectes ovis (L.), were therefore dusted during April and May to 
determine the comparative efficacy of rotenone and benzene hexa- 

1 Received for publication September 2, 1948. 

2 Miitthysse, J. G, Large Scale Power Dusting of Feeder Lambs for Winter 

Control of the Sheep Tick. Jour. Eoon. Ent. 38 (3): 285. 1945. 

^ Dicke, R. J., Morgan, B. B., and Pope, A. L. Roteuone Dust Controls Sheep 
Tick. Ann. Kept, Univ. Wis. Ag. Exp. Sta, Bui. 474: 15. 1948. 

^ Hixson, E., and Muina, M. H. Toxicity of Certain Inseeticides to the Chicken 
Mite. Jour. Econ. Ent. 40 (4) : 596- 1947. 

^ Hixson^ E., and Muma, M. H. Effect of Benzene Hexachloride on the Flavor 
of Poultry Meat- Science 106: 422. 1947. 

f Grummer, E. H., Bray, R. W., and Bohstedt, G. Contamination of Pork 
Musele and Fat in Hogs Treated with Benzene Hexachloride. In Press. 
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chloride as insecticides. Additional sheep were dusted with benzene 
hexachloride at intervals before slaughter to determine potential 
hazards of meat contamination. 

INSECTICIDE TRIALS 

PROCEDURE 

A lot of 10 Shropshire ewes and 7 lambs infested with ked and lice 
were selected for the insecticide studies. These were divided into 8 
lots and isolated in separate pens throughout the experiment. One 
lot was dusted with benzene hexachloride containing 1 percent of the 
gamma isomer, and a second lot with a 1-percent rotenone dust con- 
taining 2 percent of a No. 20 motor oil conditioner. A third lot was 
untreated, serving as a control. All animals were held during treat- 
ment, and applications were made with a rotary hand diister at the 
rate of 4 ounces of dust per ewe and 1 ounce per lamb. All but one 
check animal were unshorn at the time of treatment. 

Infestations were determined prior to treatment and at weekly 
intervals following dusting for a period of 5 weeks. Relative popula- 
tions of ked were made by parting the fleece and taking actual adult 
counts over one side of the body for ewes, and adult and pupal counts 
over the entire body for lambs. At the conclusion of the experiment, 
all ewes were sheared and counts were made of keds on the body and 
throughout the shorn fleece. Relative populations of T. ovis were not 
determined, and only the presence or apparent absence of lice was 
observed. 

RESULTS 

Weekly counts for ked on treated and untreated animals are sum- 
marized in table 1. Initial infestations of sheep ked were effectively 
controlled by both rotenone at a 1-percent concentration, and benzene 


Table l.—~Ked control with benzene hexachloride and rotenone dusts 


Flock No.i 


Ewe 890.. 
Ewe 892.. 
Lamb 887 
Ewe 894.. 
Ewe 898— 
Ewe 893.. 
Lamb 883 
Ewe 895.. 
Lamb 885 
Lamb 886 
Ewe 896-. 
Ewe 897.. 
Ewe 899.. 
Lamb 884 
Ewe 900^. 
Lamb 888 
Lamb 889 


Treatment 


Benzene hexachloride dust 
' containing 1 percent gamma 
isomer 


,1 percent rotenone dust with 
2 percent oil conditioner.—.. 


Control untreated. 
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0 
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1 
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0 

0 

3 

0 

35 

3 

48 

0 

44 

2 

70 

M 


1 Lamb numbers are listed immediately below that of parent ewe. Lamb No. 887 was 5 days of age and 
numbers 885, 886, 888, and 889 were 1 day old at time of treatment. Lambs 884 and 883 were untreated since 
they were born 1 week and 2 weeks, respectively, after flock treatment, 

3 Counts on ewes were made over entire body and throughout shorn fleece. 

3 Keds recently emerged from pupae. 

4 Ewe shorn prior to test. 
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hexachloride at a concentration of 1-percent gamma isomer, Neitlier 
insecticide appeared to be effective against the pupae, although both 
indicated residual effectiveness beyond the normal pupal incubation 
period. Keds wei^e observed on two sheep for the first 2 weeks after 
treatment with rotenone, although these were all recently emerged 
from pupae. For benzene hexacholride, in addition to recently emerged 
insects, mature adults were observed on one ewe (No. 898) a week 
after treatment and on a lamb (No. 887) at the close of the experiment. 
Rotenone, therefore, appeared to be somewhat more effective in 
killing the emerging insects. Population counts on the check ewes 
generally decreased during the test period. On all untreated lambs, 
however, populations increased rapidly. 

No lice were found on any of the ewes following application of either 
rotenone or benzene hexachloride, although all animals were examined 
carefully at weekly intervals. Populations on the untreated ewes, 
however, remained constant throughout the experiment. Infestations 
of lice were not observed on any of the treated or untreated lambs. 

PALATABILITY TESTS 

PROCEDURE 

Three lots of sheep were dusted with benzene hexachloride (1 -per- 
cent gamma isomer concentration) at intervals of 1 month, 2 weeks, 
and 10 days before slaughter. A fourth untreated lot served as a 
check. Each lot comprised one yearling ewe and one wether lamb, 
all of which were shorn before dusting. All lots were isolated in 
separate pens throughout the experiment. Applications were made 
by means of a rotary hand duster at the average rate of 4 ounces of 
dust per animal. 

All lambs and ewes were slaughtered on the same day and special 
care was taken to avoid carcasses coming in close contact with each 
other. The carcasses were chilled and stored at a temperature of 
34° F. for 72 hours prior to cutting. Short loins were used as samples 
for testing. These were boned out and rolled without removing the 
fell. The average weight of each cut was about 2}^ pounds before 
roasting. 

The roasts were cooked in individual pans at 350° F. until their 
internal temperature reached 158° F. Each loin was then scored by 
a panel of judges according to a modification of the differential taste 
test suggested by Bengtsson and Helm.'^ By this method, the scorer 
tastes samples of which some are duplicates. In order to demonstrate 
differences in palatability, these samples must be correctly distin- 
guished and matched. In addition, the judges were required to 
describe any objectionable odor or flavor detected. 

Samples of fat and muscle tested were as follows: 

Sample 1: Yearling ewe; untreated check. 

Sample 2: Wether lamb; untreated check. 

Sample 3: Wether lamb; dusted 10 days prior to slaughter. 

Sample 4: Wether lamb; dusted 2 weeks prior to slaughter. 

Sample 5: Wether lamb; dusted 1 month prior to slaughter. 

To prevent tasting fatigue, these samples were tested on 2 different 
days, with a panel of 14 judges during the first day (test series A, 

^ BengtsBon, K. and Helm, E, Principles of Taste Testing, Wallerstein 
Lab. Commun. 9 (28): 171. 1946. 
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table 2) and 10 during the second day (test series B). . During the 
first test period^ sample 3 from a lamb treated 10 'days prior to 
slaughter was tested in duplicate against sample 1, an untreated 
check. On the second day, samples 4 and 5 from animals treated 
2 weeks and 1 month, respectively, were tested against both untreated 
checks (samples 1 arid 2). 

RESULTS 

A summary of results is given in Table 2, During the first day of 
testing (test series A) only 5 out of 14 judges correctJy matched dupli- 
cate samples of fat and muscle from lambs treated with benzene 
hexachloride 10 days prior to slaughter (samples 3 A and 3B). The 
remaining 9 judges matched one or the other of the treated duplicate 
samples with the untreated check (sample 1). Only 5 judges out of 
10 on the second day (test serievS B) correctly matched the treated 
samples (5A and 5B, 4 and 5A, or 4 and 5B). An equal number 
matched a treated sample with an untreated control (1 and 4, 1 and 
5a, or 2 and 5B). • 

No disagreeable or unusual odor for either treated or check samples 
was noted during cooking. In the first series, only 2 judges out of 
14 reported an unusual odor for the treated samples. Slight off-flavor 
in this series was reported by 6 judges, of which 2 of the samples 
designated were untreated checks. In the second test series, as 
many untreated check samples as treated were considered by the 
judges as having appreciable off-flavor or 4s being least desirable. 
Much of the off-flavor or odor noted, however, may have been con- 
fused with a flavor or odor typical for mutton or lamb, especially in 
view of the inconsistencies reported in matching the samples tested. 
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SUMMARY AND CONCLUSIONS 

Sheep infested withked, Melophatjus o-vinus, and the chewing louse, 
Trichodectes om, were dusted prior to shearing with benzene hexa- 
chloride containing 1 percent of the gamma isomer and with l-percent 
rotenone. Both insecticides provided complete control for lice, and 
an effective initial conirol for ked over a 34-day observation period. 
Rotenone, however, appeared to be more effective than benzene 
hexachloride in preventing reinfestation with ked emerging from pupae. 

Shorn sheep were dusted with benzene hexacldoride at a 10-day, 
2-week or 1-month interval prior to slaughter to determine the effect 
of tainting on palatability of fat and muscle. Preliminary taste 
tests evaluated by matching treated with untreated samples failed 
to show that taints in meat from animals given a single dust appli- 
cation were more pronounced than different flavors resulting from 
variations in quality. 




INDUCED VARIABILITY IN PHOMA LINGAM> 


By O. H, Calvert, formerly assistant in plant pathology, Glenn S. Pound, 
assistant professor of plant pathology, J. C. Walker, professor of plant pathology, 
Mark A. Stahmann, associate professor of hiochemistry, and J. F. Staupfer, 
Jr., associate professor of botany, Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Recently Pound (5) ^ described a species of Phoma on seed plants 
of cabbage {Brassica oleracea var. cajntata L.) in the important seed- 
producing area of the Pacific Northwest. This pathogen, differed 
slightly in pathogenicity and cultural characters from strains of 
Phorna lingam (Pr.) Desm, that incite blackleg in the eastern part of 
this country, liowever, it was considered a variant of P. lingmn 
because it fell within the range of natural variability found for that 
species. No evidence of seed transmission of the pathogen in cabbage 
of this Puget Sound strain was presented but it was pointed out that 
such a possibility sbould n.ot be overlooked. Evidence was presented 
to show that seed-pod infection of rutabaga (Brassica Napobrassica 
Mill.) would occur under suitable conditions. 

In the summer of 1947 a severe epidemic of cabbage blackleg oc- 
curred in Wisconsin and in several other areas of the United States. 
This infection was tracked to Puget Sound seed of the 1946 harvest (6'). 
The disease produced in the field from this infected seed was typical of 
cabbage blackleg in type and severity, but fungus isolates obtained 
from the seed were of two types. Some resembled the Puget Sound 
strain described by Pound in culture and pathogenicity while others 
were typical of eastern strains. Occasionally, isolates were obtained 
which resembled the Puget Sound strain in culture but eastern 
strains in pathogenicity and vice versa. It was important, therefore, 
to determine whether this sudden development of seed transmission 
on Puget Sound seed resulted from increased activity of the Puget 
Sound strain in the production of mutants typical of those occurring 
in Eastern States and capable of being transmitted in seed. 

One way to obtain this information, it was decided, would be to 
make an extensive study of the iiiduced cultural and pathogenic 
variability of the pathogen to see if mutants could be obtained that 
were similar to strains isolated from the infected seed lots. This 
paper is a report of such a study. ■ ' , , 

In view of the success that has been obtained in inducing mutations 
in two veiy stable strains of Penieillium by ultraviolet irradiation (B) 
and by the action of the nitrogen-mustard gas (methyl-bis (beta- 

1 Received for publication September 2, 1948. Appreciation is expressed to 
Eugene Herrling for making the photographB used as illustrations for this paper 
and to Lloyd Wilson for assisting with the nitrogen-inustard gas experiments 
discussed herein. 

2 Italic numbers in parentheses refer to Literature Cited, p. 587. 
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cliloro ethyl) a, mine) (7), it was thought tliat these two agents oftered 
tlie best means available to induce variability in the Puget Sound 
strain. Although the sulfur-mustard ^ gas (bis (botaKhloroethyl.) 
sulfide) has been reported to be very efficient in inducing mutation in 
Drosophila and Neurospora {1, Jf), the nitrogen-mustard gas was 
selected since it has an effect similar to that of siilfurm:iust.ai‘(lsyrnd is 
easier to handle in the laboi‘atory (5, 7)* In certain <^x])(U‘i!nents 
other strains of Pfmna Imgam other than tlie Puget Sound isolate 
and other metliods of inducing variability were iised for iH>iiipa,risorL 

SlATERIALS AND METHODS 

The source of strains PS40, Si, S39, Iowa II, and Wll of Phorna 
lingam used in* the study was transfers of the single-spore cultures 
described by Pound (d). PS40 was the strain from the Puget Sound 
section; Si and S3 9 were from Oregon; and Iowa II and Wll were 
originally from Iowa and Wisconsin, respectively. 

The nitrogen-mustard treatment consisted of suspending the spores 
in freshly prepared aqueous bicarbonate buffered solution of methyh 
bis (beta-chloroetliyl) amine as reported by Stahmann and Stauffer (7). 
The monochromatic ultraviolet light treatment consisted of irradiatixig 
a suspension of spores with a narrow band of ultraviolet radiation at 
2,750 A (angstroms) as reported by Stahmann and Stauffer (7). The 
polychromatic irradiation was carried out by exposing single-spore 
cultures in petri plates to a Westinghouse Sterilamp (WL 782"-3()) 
radiation held at a distance of 9 cm. above the cultures. This is an 
open type mercury-quartz lamp which emits 80 to 90 percent of its 
energy at 2,536 A. 

* Agar medium from the same source was used when comparing 
mutants. It consisted of 200 gm. of potatoes, 20 gm. of dextrose, and 
20 gm. of agar per liter. A 25-ml. sample was used per petri dish. 

Following treatment with nitrogen mustard or ultraviolet radiation 
the treated spores ware seeded to petri dishes containing potato- 
dextrose agar and when germinated, individual spores wcrc^ transferred 
to potato-dextrose agar slants. When the slant cultures had matured, 
the percentage of mutants was calculated. Adequat^e controls of un- 
treated spores served as the basis of mutant diagnosis. Mutants were 
transferred successively 3 times as a test of stability. Kepr(‘sent-alfv(*- 
cultures of each mutant type obtained were seh'cted and sav(‘(l. 

Two methods of testing the pathogenicity of repi'csentat-ivo mutants 
were used. One was to soak cabbage seed in a spore or finely nuner- 
ated mycelium suspension for 48 hours before planting. Inoculations 
of older cabbage and Chinese cabbage Rupr.) 

plants were made by spraying the suspensions on the leaves and 
incubating the plants in a moist chamber for 48 hours. The cabbage 
leaves were rubbed with cabbage juice containing a small amount of 
powdered carborundum to remove some of the bloom and tluis enhance 
wetting of the leaves. 

EXPERIMENTAL RESULTS 
VARIABILITY PRODUCED BY NITROGEN-MUSTARD GAS 

Tables 1, 2, and 3 give the results of treatments with nitrogen- 
mustard gas On two strains of Phorm lingam, Rl and PvS4(). The 
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data obtainc^l sliow that the nitrogen-mustard exerted a toxic action 
which continued throughout the treating period. Although the 
nitrogen-mustard was very effective in producing morphological 
mutants^ it is evident that the percentage of mutants of the survivors 
reached a maximum and then declined. The action of the nitrogen- 
mustard is nonselentive as it kills the mutant and nonmiitant spores 
alike. This is indicated by the decline in the percentage of mutants 
obtained under long exposures. 

The results of treating the Si strain are given in table 1. 


Table X.~~-"lnd‘Uction of mutants in the SI strain of Phoma. lingam by nitrogeri- 
7nustar(i (7nethyl~his (B-chloroethyl) amine) 

[Coneentratioiji of niUogen-mustard was O.CK)5 mM,'. per nil.] 


Tjongth of treat- 
ment (minutes) 

Spores surviving 

Mutants 
among 
survi- 
vors 2 
(percen t) 

Number i 

Percent 

0 

250,000 

100. 00 

2.0 

1 

85,000 

34. 00 

24.0 

2 

41,620 

16.65 

27. 0 

4 ' 

20,600 

8.24 

20.9 

8 

14,360 

i 

5.74 

26.0 


Length of treat- 
ment (mimites) 

Spores surviving 

Mutants 
among 
survi- 
vons 2 
(percent) 

Numlx'r i 

Percent 

16 

6, 800 

2. 72 

31.8 

32- 

4, 460 

1.78 

39.8 

64- 

2, 760 

1. 10 

29. 8 

128 

1,800 

.72 

13.9 

256 

100 

.04 

( 3 ) 


1 Values given are calculated from the average number of spores surviving in each of 5 plates multiplied 
by the amount of dilution each sample received. 

3 Calculated from a random sample of IGO single spores from colonies surviving treatments, from 0 
minute to 8 minutes, inclusive; from the rest of the treatments ail of the survivors were saved. 

3 The number of survivors was too small to ascertain the percentage of mutants. 


Table 2. — Induction of 7mitants in the PS40 strain of Phoma Imgaan by nitrogen- 
mustard (inethyl-bis (B~chloroethyl) amine) ^Experirrmit 1 

[Concentrations of nitrogen-mustard were 0.01, 0.02, and 0.04 mM, per ml.J 


lAmgth of treat- 
ment (minutes) 


Spores surviving 


Number h 


Percent 


Mutants 
among 
survi- 
vors 2 
(percent) 


Length of treat- 
ment (minutes) 


Spores surviving 

Mutants 

among 

1 


survi- 

Number ^ 

Percent | 

vors 2 
(percent) 


0.01 mM. 


9,170 

HW.OO 

0 

16- 

220 

2.40 

36. 4 

2,320 

25. 29 

12.1 

^ 

140 

l,5;i 

21. 4 

1,680 

17. 88 

14.6 

■ 64- - 

90 

.98 

22.2 

OJH) 

7.19 

15.2 

128 

70 

. 76 

..14.3 

380 

4.14 

26.3 

356-. 

20 

. 22' 

25.0 


0.02 mM. 


9,170 

100. 00 

0 

4---.-- 

220 

2,40 

27. 3 

1,040 

11, 34 

3.8 

8-256 - 

0 

0 

0 

920 

10.03 

8.7 






0.04 mM 


' .■ ■! 

9, 170 

100.00 

0 

4 — 

60 

',.65 

.' ',66.7 

480 

.' A. 23' 

8.3 

8-256..,. 

9 

0 

0 

200 

2. IS 

40.0 






1 Values given are calculated from the average number of spores surviving in each of Ti plates multiplied 
by the amount of dilution each sample received. 

'3 Calculated from a random sample of 100 single spores from the 0-minute treatment. All of the survivors 
were saved from the rest of the treatments. 
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With this strain, a maximum was reached in the productioB.^ of 
mutants in the 32-miniite treatment and was followedd^y a decline 
to no m,iitants in the 256-minute treatment. At this point the treat- 
ment was 99.6 percent lethal so that the actual number of survivors 
was too low (an average of only one colony per plate) to obtain an 
estimate of the percentage of mutants in the survivors. 


Table 3. — Tndtidion of mutants in the PS40 strain of Phoma lingam by nitrogen- 
mustard {rneihyl-bis (B-ehloroethyl) amine) — Experiment 2 

[Concentrations of nitrogen-mustard were 0.01 and 0.015 mM, per ml.) 


Ijcngth of treat- 
ment (minutes) 


Spores surviving Mutants 

among 

survi- 

Number 1 Peramt 


Length of treat- 
ment (minutes) 


Spores surviving Mutants 

among 

survi- 

Numberi Percent 


0.010 mM. 


122, 720 

100. 00 

20 

16 

2,900 

2.36 

15. 0 

56. 920 

46.38 

1.1 

32 

4. 980 

4.06 

12. 4 

22, 680 

18. 48 

9,0 

64 - 

1,670 

1.36 

28.1 

12, 980 

10. 58 

! 12,0 

128 

2,350 

1.91 

28.4 

5, 9{K) 

4.81 

! 7.4 

I 

256 

1,330 

1.08 

23.2 


0.015 mM. 


122, 720 

100.00 

3 0 

16 

920 

.75 

57.8 

28, 540 

23. 25 

6. 1 

32 

400 

.33 

50.0 

5, 640 

4. 59 

29.6 

64 

120 

.10 

45,4 

3,320 

2. 71 

37.8 

128 

58 

.05 

40.0 

1,220 

,99 

56.7 

256 

25 

.02 

(9 


1 Values given are calculated from the average number of spores surviving in each of 5 plates multiplied 
by the amount of dilution each sample received. 

3 Calculated from a random sample of 100 single spores from the d-minute through the 8-miuute treat- 
ments. All of the survivors were saved from the rest of the treatments. 

a Calculated from a random sample of 100 single spores from the 0-minute to the 4-miuute treatments. 
All of the survivors were saved from the rest of the treatmeuts, 

^ See footnote 3, table 1. • 


The effect of increasing the concentration of the nitrogen mustard 
on the PS40 strain can be obtained by an examination of tables 2 and 3. 
These tables show that the percentage of survival decreased more 
and more rapidly as the concentration increased, and with increase in 
concentration there was a corresponding decrease in the length of 
treatment required to reach a maximum percentage of mutants. 
Unless a fairly strong concentration was used, there was always a 
veiy small percentage of survivors left at the end of the treatment 
period. The 0.02- and 0.04-mM. (millemol) per ml. concentrations 
(table 2) were extremely toxic to the spores. 

It may be pointed out that although both concentrations effected 
complete killing sometime before the 8 minute sample was taken, the 
0.02-mM. per ml. concentration was much less severe than the 
0.04-mM. concentration. Table 3 shows that a much higher number 
of mutants was obtained by increasing the concentration of the nitro- 
gen mustard from 0.010 to 0.015 mM. This was decidedly the most 
optimal of all treatments used for inducing variability in this strain. 
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Description of Mutants 

RANGE OF VARIATION IN CULTURAL CHARACTERS 

Many mutants produced were apparently identical^ and, from such 
groups, representatives were chosen for further study. To compare 
the representative nitrogen-mustard-induced mutants of the PS40 
strain, each was transferred to petri dishes containing potato-dextrose 
agar and a, description record of the cultural characteristics was taken. 
Although most of the isolates were macroscopically different from the 
untreated PS40 strain and from each other, they could be placed in 
arbitrary groups according to their pigmentation and growth rate. 
Figure 1 shows some representative strains of the PS40 nitrogen- 
mustard-iiiduced mutants growing on potato-dextrose agar. All cul- 
tures were photographed at the same age. Although numerous 
mycelial transfers were made of the isolates, very little change was 
noted from the original cultural appearance. 

The mutants exhibited a wide range of variation in cultural charac- 
ters. A complete range of growth rates with corresponding degrees of 
staling was encountered. Some strains made a growth of only 10 mm. 
in diameter in 3 weeks and then staled almost completely. Others 
grew somewhat faster, reaching a diameter of about 35 mm. in 3 
weeks, before complete staling occurred. The growth of many of the 
isolates was slow at first, with only moderate staling apparent. 
Eventually, however, that is in 3 or 4 weeks, they filled the 90-mm. 
petri dishes; others were capable of reaching a maximum of 90 mm. 
diameter in 7 or 8 days with no evidence of staling. 

In general the very fast cultures had a very regular mat outline, 
and the slower growing cultures tended to have very irregular mat 
outlines. The irregular mat outlines varied from uneven lobes of 
mycelium protruding from the edges of the colonies to the dendritic, 
feathery margins of some isolates. 

The topography of the colonies was also very variable. In some 
isolates the colonies were very flat, while in others a considerable 
elevation was noticed which was usually accompanied by considerable 
convolution and folding of the mycelium. In a few of the strains the 
major portion of the colony was submerged, only the very center of the 
colony being raised above the surface of the agar. The amou n t and 
texture of the aerial mycelium is of interest in that for some strains it 
was scant while in others it was very abundant. The tc^xture of the 
aerial mycelium ranged from very fine to very coame. 

The color usually was white at first but varied considerably with 
age, becoming gray, grayish-brown, brown, reddish-tan, light tan, 
yellow, cream, or pink or remaining white. With ago also in some of 
the isolates the aerial mycelium darkened in color and in some (‘-ases 
they apparently collapsed either in whole or in parts of the colony. 
The color of the colonies not exhibiting any noticeable aerial mycelium 
varied from flesh-colored to dark brown. The color of the mycelium 
from the lower side of the petri dish also varied widely between 
mutants. 

Mutants differed markedly in their ability to spoiulate. Some 
strains produced no pycnidia; others produced pycnidia only sparingly, 
and still other strains produced pycnidia abundantly. 
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The size of the pycnidia pi'odiiced ranged from very small to quite 
large. The distribution of the pycnidia varied from those produced 
singly and scattered evenly over the surface of the colonies to those 
produced in clumps. Many of the pycnidial lines produced so much 
aerial mycelium that the pycnidia were completely obscured. 

When the PS40 strain of Phoma lingam was grown at room tempera- 
ture it produced a yellow, water-soluble pigment which diffused into 
the agar medium. At relatively high temperatui’cs of about 32^ C. 
this yellow color became plum red. The nitrogen-mustard-induced 
mutants of this strain were capable of producing a range of pigmenta- 
tion from yellow to yellowish brown to a deep plum-red color when 
grown at room temperature. A few of the strains produced very little 
pigment but all eventually did so with age. 

The nitrogen-mustard-induced mutants of the Si strain were not 
studied in as much detail as were the mutants of PS40. No PS40- 
type mutants were obtained from Si, although a fairly wide range in 
type of mutants was found. Although mutants from SI were usually 
faster growing forms, some slower growing strains were obtained. 
The mat outline of the colonies varied in regularity. The aerial 
mycelium varied from very scant to very abundant. In many of these 
mutants the aerial mycelium occurred in irregular patches or cottony 
balls. Most of the mutants obtained retained their ability to sporulate 
quite heavily, although some were recovered which produced few 
pycnidia but many sderotium-like bodies scattered over the surface 
of the agar. Only in a few cases were any mutants obtained in which 
pycnidial production was completely inhibited. All of the mutant 
strains produced a black pigment beneath the mycelial mat. 

PATHOGENICITY TESTS 

Pound (5) developed a method by which the eastern virulent 
strains can easily be differentiated from the western mildly pathogenic 
strains. Within 2 weeks after cabbage seed previously soaked in a 
spore or mycelial suspension have em.erged after planting, the seed- 
lings develop cotyledonary lesions and severe damping-off. The 
characteristic lesions of the PS40 strain appear 3 to 5 days earlier 
than those of the eastern type (e. g., Iowa II), and are usually mar- 
ginal and chocolate brown from the beginning and enlarge slowly; 
onty a few, relatively large pycnidia are produced. 

Cotyledonary lesions produced by the Iowa II strain of Phoma 
im^am appear as shrunken dark-green areas, which enlarge rapidly 
and quickly produce m.any pycnidia before the lesion becomes dark. 
Figure 2 shows the western (PS40) and the eastern (Iowa II) types of 
cotyledonary lesions. On older cabbage leaves there is also a dif- 
ferential method of separating the eastern and western types of 
cultures. Figure 3 shows the spreading, sporulating lesions produced 
by the virulent eastern type culture of Iowa II and Qie black, necrotic 
flecks typical of the PS40 strain. The results of the inoculations are 
shown: in ''tabled. 
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Table 4:. —Results of inoculating seeds and leaves of cabbage and leaves of Chinese 
cabbage with representative nitrogen-mustard-induced mutants of the PS 40 strain 
of Phom a ling am 


Isolate No. 

IllOCU- 

liiin 

(myce- 

liimi 

or 

spores) 

Virulence 

on 

cabbage 
Cotyl- 
edons t 

Disease index 2 
on leaves of— 

Isolate No. 

Int)cu- 

Itiin 

(inyce- 

liiira 

or 

spores) 

Virult'iice 

on 

eabbnett 
Cotyl- 
('doiis 1 

Disease index - 
on Ittaves of—' 

Cab- 

bage 

Chinese 

cabbage 

Cal)» 

bage 

•Chinese 

cabltage 

41 

M 

, , , , , 

100. 0 

75. 0 

22 .--_ 

S 

+4" 

60,0 

0.0 

IS 

M 


H 

4 

91.7 

94. 4 

34 

s 


50.0 

41, 7 

36 

M 

H 

hH 


_ 

91.7 

66 . 7 

88 

s 

+4-4- 

50. 0 

22. 2 

4 

S 

H 




4 

88.9 

58. 3 

32 

M 


50. 0 

25. 0 

31 

S 

H 

hH 




83. 3 

36.1 

42 

M, 


49.2 

50. 0 

71 

s 

H 

hH 



4 

80.6 

38,9 

75 

S 


47. 2 

11. 1 

3 

s 

! H 

H 

hH 

4 

77.8 

44,5 

52 

S 

4-4.-l_ 

47.2 

19. 4 

2 

s 

H 


hH 

h 

77.8 

33. 3 

61 - 

s 


44. 5 

27.8 

12 _ 

s 

H 

LJ 

k4 

h 

77.8 

22.3 

86 ... 

M 


44. 5 

36.1 

82 

M 


4-4- 


75.0 

36.1 

67- 

S 

-I- 4 .+ 

44.4 

16,7 

87 

! S 

1 

75. 0 

36. 1 

28 

M 

- 1 - 

41. 7 

0. 0 

39 

M 


72.2 

50. 0 

58 

S 

4_ 

41. 7 

41. 7 

14 

i M 

; 4-4-4 

h 

72.2 

25.0 

21 

s 

4 - 

41. 7 

8.3 

8 

1 M 


j 



72.2 

25. 0 

77 

s 

4 I 1 - 

41.7 

38. 9 

1 

1 M 


_ 

h 


72.2 

0.0 

56 

M 

4 . 

41. 7 

50.0 

5 . 

M 


J 



72.2 

0.0 

84-.- 

M 

.]-4-f- 

38. 9 

33.3 

16 

M’ 



h 


72.2 

0.0 

60 - 

S 


38. 9 

30. 6 

29 

M' 


_ 

- 


72.2 

0.0 

55 

S 

+ 

38.9 

41.7 

13 

M 


_ 

h 


69.4 1 

0,0 

72 

s 

4 . 4 . 

36.1 

47.2 

37 

M 


4 

4 


66.7 

75. 0 

45 

M 

+ 

36. 1 

27.8 

69 

S 

1 4-4 


66.7 

22.2 

59 

M 

4 . 

33.3 

25. 0 

9 

M 


H 

h 


63.9 

38.9 

66 

S 

++ 4 . 

33.3 

25. 0 

33 j 

M 


4 

4 


63.9 

27.8 

60 ..... 

S 

4"~f”“l” 

33.3 

25. 0 

63 

S 


h+ ' 

63.9 

50. 0 

64 

s 

4 . 4 . 

33.3 

39 . 8 

43 

S 

4._ 

44- 

63. 9 

38.9 

46 

M 

4 . 

33. 3 

8 . 3 

70 - 

s 

J 1 I L 

63.9 

33. 3 

76. 

M 

-j-j_ 

30, 5 

33. 3 

26 - - - 

M 


+ 


61.1 

28.0 

78 

S 

4 - 

30. 6 

5. 5 

10 

s 


-jif 


61.1 

8.3 

80 

s 

4 - 

27.8 

22.2 

11 .,. 

s 


4 . 4 - 


61.1 

0.0 

85-- 

s 

4 I 1 - 

27. 8 

13, 9 

17 

s 


4. 


61.1 

0.0 

47 

s 

4 .- 1 - 

27.8 

25. 0 

31 

M 


4 . 


61. 1 

G.O 

6 

m: 

+ 

27.8 

26.0 

19 

s 


61.1 

38.9 

73 

M 

4 . 

25. 0 

30. 5 

48 

s 


58.8 

25.0 

79 

s 

.f 

25. 0 

0. 0 

25 

M 


4 - 


58.3 

0.0 

33-. 

s 

4. 

25. 0 

30. 5 

15 _ - .J 

M 


4 - 


56. 6 

16.7 

34 

s 

, 44 . 

25. 0 

2.8 

40 

M 




55. 0 

58.3 

74 

M 

4- 

25. 0 

38.9 

69 

S 

+ + + 

56.6 

33.3 

49 

s 

+ 

25. 0 

33,3 


■ S 1 

■ 4 . 4 - 4 . 

56.6 

0.0 

48 

s 

+ 

25. 0 

22.2 

35.>,.--- ^ 

M ' 


4-4. 


55.6 

33.3 

81- 

M 

4.' 

22 . 7 

25. 0 

53 .......J 

■'■M ■ 


-4- 


62.8 

25.0 

83 - 

s 

4-1- 

22.2 

13. 9 

65.. 

S 

4 - 4 - 4 . 

52.8 

16.7 

57 - 

M 

4. 

19. 4 

22. 2 

62 

s 


-f 


52.8 

26.0 

64--- 1 

S 

0 

8.3 

2.8 

30,,-- 

M 


+ 


52.8 

50,0 

PS40 control. - 

s 

+ 4 - 

47.4 

33. 5 

7 - 

S 


4.4. 

52.8 

8.3 

Iowa II con- 





27 — - 

M 


4. 


52.8 

0.0 

trol — . — 

B 

++++ 

97.2 

68 . ;i 

24 - 

U 


4 * 


50.0 

11.1 

L. B. D, (19:1). 


19.3 

15.9 


iO=no itilectioii; -f-slight; 4-+ -mod orate; -f ++=‘SO¥ero; 4-4.-f4.«very Hc^voro. 

2 Calculuted by ratiiiK each of 3 leaves of a plants; 0«no infection; 25=slight; r){)-iiK»derato: 75'^sov(‘re: 
100=dc‘ad* 


In no instaucc, either with cabbage seedlings or with larger cabbage 
and Chinese cabbage plants did any of the 88 mutants produce! symp- 
toms of the Iowa II type. When symptoms were produced tlu'y were 
always identical in type with the ]^S40 parent strain. 

An examination of table 4 will reveal that marked differences in 
virulence existed among the mutants. Leaves of cabbage an<l Chinese 
cabbage inoculated with the PS40 parent strain gave an average 
disease index of 47.4 and 33.5, respectively. Numerous replications 
of the parent strain were made and no significant difference (‘xisted 
between them. In the case of cabbage leaves, 21 of the 88 mutants 
were more virulent than the parent strain while 15 W(‘re h'ss virulent. 
On Chinese cabbage, however, only 11 were more virulent while 29 
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Cotyledonary lesions produced on cabbage seedlings by the west 


were less virulent than the nheck. It is notable that several of the 
mutants failed to infect Chinese cabbage leaves although ideal con- 
ditions for infection^ were provided. 

A second series of inoculations were made in which the isolates 
showing lugher virulence and those showing lower virulence on Chin- 
ese camiage were retested. Results similar to those shown in table 4 
were obtained. Recovery inoculations from affected tissue to potato- 
dextrose-agar were made and in each case isolates recovered closely 
agreed cidturally with those forms used as inocula. Thus, in passage 
through host tissue, the mutants gave no evidence of reversion to 
the parent type. 

A study of table 4 will also reveal that there appeal’s to be no corre- 
lation between virulence on cabbage and Chinese cabbage. Some 
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forms were highly virulent on cabbage and weakly virulent or non- 
patliogenic on Chinese cabbage. However, few isolates were severe 
on Chinese cabbage and they were 'Only mild on cabbage. 

To ascertain whether there was any correhrtionbetwecrn cultural cliar- 
acters and virulence, the isolates were arbitrarily divided into four 
cultural groups according to their growth rate and pigmentation on 
potato-dextrose-agar. These data further revealed the lack of posi- 
tive correlation between virulence on cabbage and Chinese cabbage. 



luGURE 3.— "/I, Symptoms produced on cabbage leaves bv lh<^ eastern strain 
Iowa II (left), and by the western strain PS40 (right), of Phorna lingam. P, lh(‘, 
eiiect of the two strains on leaves of Chinese cabbage. 

In some cases there appeared to be a definite negative con-elation 
although this was not always the case. 

VARIABILITY PRODUCED BY ULTRAVIOLET IREADIATION 

MONOCHROMATIC IRRADIATION 

Table ^5 gives the results of treating a spore suspension of the PS40 
strain with a narrow band of ultraviolet radiation of 2750 1. The 
table shows that this wave length exerted a considerable toxic effect 
which continued throughout the treatment period. The percentage 
ot mutations of these survivors reached a maximum and then declined 
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That the ultraviolet radiation is also nonselective is indicated by this 
subsequent decline in the number of mutants. 

Figure 4, based on statistics given in tables 3 and 5, shows graphi- 
cally two essential differences betv^een the results of 0.015 mM. per 
ml. nitrogen-mustard and the 2750 A. ultraviolet radiation treatments. 

The curves in figure 4 and figure 5 show that both treatments are 
effective in reducing the spore populations. 

Table 5.- — Induction of mutants in the PS40 strain of Phoma Ungam hy mono- 
chromatic ultraviolet radiation 


Spores surviving Mutants 

among 

Length of treatment (minutes) survi- 

Number! Percent (p^°c1nt) 

0 230,000 100.00 0 

1.. . 193,000 83.91 0 

2 182,200 79.22 4.0 

4.. . 177,500 77.17 4,0 

8 127,500 55.43 5.0 

12 126,800 55.13 16.2 

16 71,400 31.04 16.3 

20 49,500 21.52 20.0 

24 33,900 14.74 40.4 

28.. .. 10,600 4.61 26,0 

32 7,500 3.26 28.(5 

36 3, 100 1. 52 25. 0 


1 Values given are calculated, by multiplying the average number of spores surviving in each of 6 plat,es by 
the amount of dilution each sample received. 

2 Calculated from a random sample of 100 single spores from the 0-ininiite through the 24-minute treatmen t 
from the rest of the treatments all of the survivors were saved. 

Figure 5 shows the effect of treating two very closely related 
strains, Si and S39, with 0.005 mM. per ml. of nitrogen-mustard and 
2760 A. ultraviolet radiation, respectively. Since no data were taken 
on the rate of mutation in the S3 9 strain, no comparisons can be made 
between the mutation rates. 

The nitrogen-mustard treatment at 0.015 mM. per ml. concentration 
appears to be more effective in bringing about mutations in the PS40 
strain than the ultraviolet treatment at 2750 A, when the mutation 
rate is based on the spores surviving treatment. 

No essential differences were noted in the two treatments with 
respect to the morphological types of mutants produced. 

Polychromatic Irradiation 

Table 6 summarizes the results of exposing 2-week old single spore 
cultures of the Si and Wl l strains of Phoma lingam to polychromatic 
ultraviolet radiation. The treated cultures were incubated for 2 
weeks, and any sectors arising were then isolated. The data in the 
table show that this radiation had a marked effect upon the coloiiies 
but that the length of treatment had little effect. The sectors in the 
controls may be explained by the long incubation period. In some 
control plates no sectors occurred, however. Mycelial transfers from 
the sectors of the Si strain were found to he stable through several 
transfers. Similar transfers were made from the apparently normal 
portions of the colonies and these were found to resemble closdy the 
untreated parent strain."' 
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Fiotjee 4.— ’Curves showing the differences between the percentage survival of 
spores and the mutation rates from 0.015 mM. per nil. of nitrogen-mustard gas 
treatment (methyl-bis ( B-chloroe thy 1) amine) and 2750 A. ultraviolet radia- 
tion of the PB40 strain of Phoma lingani. 
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Figitre 5.— "Curves showing the effect on spore survival of ultraviolet radiation 
on the B39 strain and of nitrogen-mustard gm (methyl-'bis (B“ehloroethyl) 
amine) treatment on the SI strain of P/inma 
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Figure 6 —Representative mutants of the Si strain of Fhoma lingam obtained 
from polychromatic ultraviolet radiation compared with the parental strain, 
shown in the lower left-hand corner. 


Figure 6 shows some representative Si mutations compared with 
the parental strain. A variable array of mutants was obtained in- 
cluding some fast-growing strains but none that closely resembled 
the PS40 type of culture. Some slow-growing forms were encoun- 
tered that consisted mainly of piled up pycnidia with little or no 
aerial mycelium present. The aerial mycelium ranged from scant to 
abundant and in many cases was collected in irregular patches or 
cottony balls. Various color differences in the aerial mycelium were 
observed. Pycnidia production ranged from none to abundant and 
when pycnidia were present they were usually quite small and evenly 
distributed over the surface of the mycelium except in the very center 
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of some colonies and in those strains in which the pycnidia were pro- 
duced in concentric bands. These forms were stable through several 
transfers. Black pigment was always produced beneath the mycelial 
mats. 


Table 6. — -Induction of mutants in single-spore cultures in the Si and Wll strains 
of Phoma lingani hy exposure to polychromatic ultraviolet radiation 


Length of treatment 
(minutes) 

1 

Average number of sec- 
tors per plate * 

Length of treatment 
(minutes) 

Average number of sec- 
tors per i^lato ' 

SI 

Wll 

SI 

Wll 

0 ..._ 

2. 1 

2.4 

8 

7.8 : 

6. 0 

2 

8.2 

6.6 

16 

6.(5 ' 

5.3 

6.3 

4 - 

7.6 

6.6 

32 

7.2 

. 




1 18 plates were used as controls and 5 plates for each time treatment for strain Si. 8 plates were used as 
controls and 3 for each time treatment for strain Wll. 


VARIABILITY PRODUCED BY UNFAVORABLE TEMPERATURES 

Table 7 gives the results of exposing the PS40, Si, and Wll strains 
of Phoma lingam to a series of temperatures from 4^ to 36^ C. over a 
relatively long period. After single, germinated spores were trans- 
ferred to potato-dextrose agar plates, they were placed immediately 
at the various temperatures. The table shows that relatively high 
temperatures cause these strains to be more unstable. The data 
obtained indicated that the spores were unable to withstand the 36® C. 
treatment, for in no case did colonies develop. 

A complete range of growth rates was found for the range of tem- 
peratures used, with the PS40 strain growing considerably faster in 
all cases. The optimum temperature for PS40 was 24® C. while 20® 
C. was optimum for the Si and Wll strains. At 32® C. strains SI 
and Wll were greatly inliibited and the PS40 strain was slightly so. 
The mutants obtained were stable and were not different in type from 
those obtained by other treatments, but much fewer mutant types 
were obtained. 

No PS40 type mutant was obtained in either the Si or Wl l strain. 
The PS40 mutants that were obtained by this treatment were all fast- 
growing and differed from the parent in the color of the aerial mycelium 
and the degi’ee of sporulation. The mutants of strains SI and Wll 
difl'ered from the parental strains in growth rates, amount and color 
of the aerial mycelium, and in degree of sporulation. 


Table 7. — Induction of mutants in single spore cultures in the PS/fO^ SI, and 
Wll strains of Phoma lingam hy exposure to various temperatures over aS-week 
: period ; , 


Treatment (° C.) 

Average number of sec- 
tors per plate i 

Treatment (° C.) 

1 Average number Of sec- 
tors per plate ^ 

rs4o 

SI 

Wll 

PS40 

, si' 

Wll 

4,., 

0 

0 

0 

24 

0 

0.7 

0 

8 .. 

0 

.2 

0 

28..,.---, 

'■ .3 

LO 

■■■■'. .4 

12 .... 

0 

.6 

0 

32— 

. 5 

" 2.0" 


16 ............................. 

0 

0 

0 

36— - —i— . 

m 



20 ....,-..-.. 

.1 

,8 

0 





1 10 plates were used per treatment with FS40 and 6 plates per treatment with Si and Wll. 
8 All cultures killed by 36° C. treatment. 
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The effect on the Si strain of short exposures to high temperatures 
is shown in table 8. The spore suspension was treated in 1-ml. 
portions held in small capiUaiy tubes that were submerged in a 
constant-temperature water bath. At the end of 10 minutes the 
capillary tubes were plunged into cold water. The spore suspension 
was pipetted into petri dishes containing potato-dextrose agar. It 
can be seen from the data that as the population decreased the 
average number of mutants increased. It is notable that a much 
lower percentage of mutants was produced by this treatment than 
by nitrogen-mustard treatment and by ultraviolet radiation. 


Table 8. — Induction of mutants in the SI strain of Phorna Ungam hy exposure of 
spores to high temperatures in a water bath for 10~miniite periods 


Temperature (° C.) 

Avei’age 
number of 
colonies 
per plate ^ 

Avemge 
number of 
mutants 
per plate 

Control 

47 

,100. 0 
150. 0 

0 

0 

48 ' . - 

45. 0 

. 0 

49 - - - 

IS. 0 

1.2 


. 4 

2.0 


1 With each treatment 5 plates were used. 

VARIABILITY PRODUCED BY UNFAVORABLE MEDIA 

The combination of peptone and dextrose in three otherwise favor- 
able media caused single-spore colonies of the Si and Wll strains of 
Phoma liiigam to become quite unstable. Numerous sectors were 
observed in these strains growing on water agar, potato agar, and 
Czapek^s solution agar to which peptone plus dextrose had- been 
added. The Si strain was not observed to tlirow any sectors when 
either peptone or dextrose was added or when both w(u*c‘. deleted. 
The Wll strain was subject to slight sectoring in potato agar, potado- 
dextrose agar, and potato-peptone agar but oth<‘rwise liehavcd 
the Si strain. A wide variation in the appearance of the colonies 
on the different media was observed. 

DISCUSSION 

The induced variants of Phoma lingam d(‘Bcril.)ed herein are (‘on- 
sidered to be mutants since, through several repealed translVrs, no 
changes were observed in the microscopic morphological cliaracrers, 
and, since there was no evidence of reversion in passage tlirough liost 
tissue. No sexual stage has been reported for this fungus a,nd tlius 
no means is available by winch the inheritance of induced (‘hara(‘.tcrs 
might be studied. The vegetative hyphal cells are muhinucleatc 
and the pycnospores are uninucleate. Since the parental st rains 
were in all cases derived from single spores heterocaryosis would not 
explain the variability oh 

There was apparently no correlation between the ty])e of mutants 
produced and the method of treatment employed. ^ This (‘Duld be 
most easily seen in the case of the PS40 strain in which a large number 
of mutants were obtained by different treatments. The mutants 
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produced by the various concentrations of nitrogen-mnstard could 
not be distinguished by their cultural characters from those induced 
by ultraviolet radiation. 

In the pathogenicity tests which were made to determine the 
amount of pathogenic variability induced in the PS40 strain, it is 
significant that no mutant produced lesions characteristic of those 
produced by eastern type strains. However, marked changes in 
virulence were produced. Some of the PS40 mutants produced a 
disease as severe as any eastern type strain while others were unable 
to infect Chinese cabbage even under ideal conditions. It is realized 
that a disease index rating system gives only a rough quantitative 
measure of the severity of symptoms but it is believed that sufficient 
evidence is presented to show that marked differences in virulence 
existed among the mutants. 

This study does not provide full explanation for the transmission 
of blackleg on cabbage seed grown in the Puget Sound area in 1946* 
Although no mutants were obtained from the Puget Sound strain 
(PS40) which gave disease symptoms identical with those of eastern 
strains, such an array of variability in culture and virulence was 
obtained that the possibility of change in nature from the mild Puget 
Sound type to the virulent eastern type cannot be overlooked. 

SUMMARY 

Induced variability of the Puget Sound strain of Phoma lingam 
recently described as occurring on cabbage seed plants has been 
studied in relation to a sudden development of seed transmission on 
Puget Sound seed. In determining if this blackleg epidemic resulted 
from increased activity of the Puget Sound strain a nitrogen-mustard 
(methyl-bis (B-chloroethyl) amine) was used to induce cultural and 
pathogenic variability. In certain experiments other strains and 
other methods of inducing variability were used. Among the other 
treatments employed were ultraviolet radiation, growth at unfavorable 
temperatures and on unfavorable media. 

It appeared that the rate of mutation could be markedly increased 
by appropriate treatment and the nitrogen-mustard appeared to be 
the most effective means used by which mutabions could be induced. 
In one expjcriment over 60 percent mutations occurred among surviv- 
ing spores. There was apparently no correlation between the type 
of mutant produced and the method of treatment used. 

Greenhouse inoculations were made to determine the extent of 
induced pathogenic variability by nitrogen-mustard. No isolate 
produced lesions characteristic of those produced by the eastern type 
strains, but evidence is presented to show that through increased 
virulence some of the isolates were able to produce a disease that was 
as severe as that produced by the eastern strains. Complete evidence 
was not found, however, that would clarify the sudden development 
of blackleg transmission on western grown seed. 

The Puget Sound strain is still considered only a variant oi Phoma 
Ungam almongh it m quite distinct from eastern strains of the species^ 
in growth characters and in pathogenicity. A wide range of vari- 
ability in both cultural and pathogenic characters was induced by 
appropriate treatment. Stable forms were obtained that resembled 
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the eastern type cultures in certain, cultural characters an.(i in viru- 
lence but differed in symptom* type. Mutants of the PS40 strain 
were found that exhibited a complete range of growth rates from very 
fast to extremely slow. Growth types ranged from cultures that were 
composed ■ mostly of subme.rged mycelium. ^ to those producing an 
abundance of aerial mycelium, the. texture of which varied from very 
fine to very coarse. 

Some of these isolates possessed virulence that was equal to that 
of the eastern type strains. Certain points of difference from eastern 
strains were maintained in that practically all of these PSiO-incluced 
mutants differed from all eastern types and from the Oregon Si and 
S39 strains by the production of a water-soluble, yellow, brown or 
plum-red pigment in the media, and they produced different types of 
symptoms on cabbage seedlings grown from inoculated seed and on 
inoculated leaves of older cabbage plants. The distinctiveness of the 
PS40 strain was also indicated by the fact that none of the mutants, 
induced or spontaneous, from typical isolates from other parts of tlie 
country resembled it closely, although Pound (5) found one spontane- 
ous mutant that resembled it closely in pathogenicity. Conversely, 
none of the mutants from PS40 resembled the typical isolates or their 
mutants. 
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PHYSIOLOGY AND PATHOGENICITY OF THE 
CUCUEBIT BLACK-EOT 'FUNGUS^' 


Fiy W. F. Chiu, formerly fellow, and J. C. Walker, professor in plant patholoyy, 
Wisconsin AfrricuUural Experimen^^ 

INTRODUCTION 

The black-rot fungus, MycosphaereUa melonis (Pass.) Chiu and 
J. C. Walker, was first reported in France in 1891 on leaves of a Chinese 
variety of cucumber L.) 

It was recorded the next year from Delaware on vines of watermelon 
(OitmUus vidgaris Schrad.), squash {GuourMta spp.), pumpkin 
{Oiicurhita pepo L.), muskmelon {Gucumis melo L.), and cucumber 
{3) , Grossenbacher (7) studied the disease in the greenhouse in New 
York and reported that when vines were inoculated through wounds 
those of watermelon and muskmelon were very susceptible ; those of 
pumpkin, squash, gourd {Lagenarm vulgaris Ser.), and dishcloth 
gourd {Luff a cylindnca Eoem.) were only mildly?' affected, and those 
of cucumber and of bur cucumber {Gucmmis anguria L.) were not in- 
fected. Weber {24) later noted wilting of leaves of young cucumbei* 
seedlings in Florida. The disease has been reported on fruits of 
cucumber, muskmelon, squash, pumpkin, watermelon, chayote 
{Sechium edule Schwartz), balsam pear {MomordiGa charantia L.), 
and Chinese preserving melon {Bennincasa hispida Cogn.) (i7, 
24 ^ 2 S) , Black rot has been found more often in the southern than in 
the northern part of the United States. 

When, in 1945, vines of w^atermelon, musknielon, and wsquash w’-ere 
found to be severely affected by the disease in southern Wisconsin, the 
present investigation was undertaken. A study of the morphologj 
and variability of the pathogen was made and has been reported {If), 
A study of the physiology and pathogenicity of the fungus is reported 
in the present paper. 

MATERIALS AND METHODS 

In a previous paper {4) variability in sporulation and in cultural 
characters of the wild type, and of a number of naturally occurring 
and induced mutants was described. Most of these strains were used 
in one or another of the experiments described herein. They are 
listed with certain of their outstanding characteristics in table 1. 

^ Received for publication October 14, 1948. 

^ 2 The authors are indebted to Eugene H. Herrling for preparation of the 
illustrations. 

3 Italic II ynabers in parentheses refer to Literature Cited, p. 614. 

.Tour nal of Agrieultnral Research, Voh 78, No. 12 

Washington, D. (1 Junein, IfMO 
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Table 1. — S^mlols and major cultural cTiarmterisUcs of strains of 

Mycosphaerella nielonis used 


Strain symbol 

Sporula- 
tion ^ 

Character of mycelium and sporulation on potato-dextrose agar 

As... 



A--. 

+ or 0 

to dark olive brown. 

Do, 

A-/.. 

O 


A~;3 , 

o 1 


,=1 -■?.<{ 


yellowish when old; very col, tony in aiipearance; growth rai>id. 

B~a 

4-+“h 

purplish brown. 

Aerial mycelium scanty or none; subnierged inyceliuni hyaline at 

B-f) 

-f+Hh 

+-f ++■ 

first, becoming olive brown; fruiting bodies small and black. 
Original character intermediate between B~a and later cliaiiging 

to As. 

Aerial mycelium none or sparse; submerged mycelium hyaline at 



B-lb..^,.., 



++++ 

0 

first becoming olive brown; fruiting bodies large and dark brown. 
Same as B-la except that the fruiting bodies in the early stage of 
development assumed a more greenish color. 

Aerial mycelium fluffy and velvety, purplish brown; submerged 
mycelium purplish brown; growth very slow. 


1 O— no sporulation; H — sparse; +-I — slight; -f+H — moderate; Hh++4*“-pn)fuso sporulation. 


In experiments in wliich spore germination was involved sus- 
pensions of pycnospores were made up to a standard density. This 
was done by adjusting the density of the suspension to that of a sus- 
pension of a lO-'’-’’ concentration of barium chloride in 1-percent sul- 
furic acid. 

Seeds were germinated in sand and the seedlings were transplanted 
to soil in 4-inch pots, one to several plants per pot, or they were sown 
directly in 4-inch pots and thinned to the desired number of plants 
per pot. The procedures followed in various inoculation experiments 
are described in connection with each experiment. At the end of cer- 
tain experiments plants were placed in four arbitrary classes as fol- 
lows: 0, healthy; 1, slightly diseased; 2, severely disksed; 3, killed. 
A disease index for each lot of plants was calculated by multiplying the 
number of plants in each class by the class number, dividing the sum 
of the products by the product of the total number of plants and the 
highest class number, and finally multiplying the quotient by 100. 

EXPERIMENTAL BESULTS 

SPOEH GBEMINATION 

Grossenbacher (7) reported that pycnospores from crushed pycni- 
dia all germinated in sterile water within 24 hours. In the present 
investigation it was found that germination of ascospores and pycno- 
spores in conductivity water was nil, in distilled water it was very 
spaise, and in stei'ile tap water it vaiued from zero to 65 pei'cent ger- 
mination. Since germination of certain fungus spores is known to 
be stimulated by certain plant extracts the effect of such ex- 
tracts and of fresh plant tissue on germination of spore.s of this fumvus 
was studied. *= 

Orange pulp was crushed and filtered through a Whatman No. 42 
filter paper. A portion was used fresh and the remainder was auto- 
claved at 15 pounds pressure for 15 minutes. A single dormant 
cotyledon of a watermelon seed and one of a Table Queen squash 
{Luauroita pepo L.) seed were each macerated with 20 milliliters 
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of distilled water, and the extract was filtered (liroiigh Whatman No. 
42 filter paper and used w-ithoiit sterilization. Ten milliliters of dis- 
stilled water and 0,2 milliliter of plant extract were mixed with 0.2 
milliliter of a spore suspension made up to standard density and 
mounted in hanging drops on clean pyrex slides in a moist petri dish. 
Very small pieces of cotyledons from dormant seeds and from greeii 
cotyledons of watermelon and Table Queen squash were added to 
hanging drops of pycnospores and ascospores suspended in water. 
The percentage of germinated spores was determined after 12 hours 
at24^C. 

In the presence of orange extract, either fresh or autoclaved, 85 to 
100 percent of both ascospores and pycnospores germinated. In the 
presence of fresh extract of watermelon or Table Queen squash dor- 
mant Gotyledon, close to 100 percent germinated but in the autoclaved 
extract only 45 to 60 percent germinated. When a tiny piece of green 
or dormant tissue of watermelon or Table Queen squash cotyledon was 
present in the hanging drops, spore germination approached 100 per- 
cent and germ tubes tended to grow^ toward the tissue. 

Germination tests witli orange extract and Avith the extract of dor- 
mant cotyledons of Avatermelon seeds Avere carried out at 8^, 10°, 12°, 
20°, 24°, 28°, 32°, and 36° C. Mounts in sterile tap Avater Avere used 
as controls. From the results shoAvn in figure 1, it is evident that the 
optimum temperature for pycnospore germination Avas betAveen 24° 
and 28° when plant extracts were used as stimulants, while in sterile 
tap Avater the optimum Avas between 20° and 24°. In the presence 
of plant extpcts ^TOAvth of germ tubes Avas also best at 24° and 28°, 

In view of the favorable efect of dextrose on groAvth of the fungus 
in semisolid medium (4), its effect together with that of sucrose on 
pycnospore germination was studied. The sucrose and dextrose em- 
ployed were of reagent grade, but no attempt was made to remove any 
possible growth-promoting contaminants. Germination tests Avere 
carried out directly in pyrex petri dishes in M/1, M/2, M/4, M/S, 
M/16 and M/32 solutions to which the plant tissue extract was added. 
Mounts in distilled water were used as controls. The percentage of 
germination, the vi^or, color, and shape of the germ tubes, and the 
degree of sAvelling of the cells were noted. 

At 24 hours, it was noted that increase in molar concentration of 
dextrose caused an increase in the percentage of germinating spores 
but the total germination was Ioav, the swelling of the spores Avas very 
slight, and the germ tubes Avere thin and short. When 0.2 milliliter 
of orange extract was added to one petri dish of each treatment ob- 
servations made at the end of 48 hours showed that all pycnospores 
Avere swollen and had germinated in every petri dish. The germ tubes 
were longest and most vigorous in the case of orange extract in dis- 
tilled water and became shorter and darker in color as the molar con- 
centration of dextrose increased. In M/2 and M/1 solutions budlike 
hyphae consisting of olive-colored, short cells were formed. In petri 
dishes in which no orange extract was added, there Avas little change 
in the cells and the germ tubes, except that the latter had groAvn 
slightly in length. 

In sucrose solutions, there was almost no germination at any con- 
centration in the first 24 hours. When 0.2 milliliter of orange extract 
was added to one petri dish of each treatment, vigorous germination 
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occurred ut the end of 48 houi’s in the low coiiceiitrutioiis, and the pei- 
ceiitage germination decreased with increase in molar concentiation. 
Cells swelled more or less in each treatment and the leigth gerni 
tubes decreased as the molar concentration increased. I he efteo'is ot 
sucrose solutions witli orange extract and dextrose solutions w.ithout 
orange extract are shown in figure 2. , . ' , . 

The fact that high germination occurred at liigii concenti-ation ot 
dextrose w'ithout the addition of orange extract and that low’ gtuMuina-’ 
tion occurred at high molar concentration of sucrose in the presenc(‘, 
of orange extract, sliow-ed that factors other than the osmotic piessui c 
were concerned. The dextrose has been reported by others (d', IBf) as 
an essential factor in spore germination. However, it is obvious from 
the present data that the effect of dextrose is additive but is not very 
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BUguke 1.^ — Effect of plant extracts and of temperature on tbe germination of 
pyenospotes of iff. moloms at 24 hours. 




June 15, 1949 


Black Rot of Oucurhit 


593 


effective without the presence of .aii essential stimulant. The lower 
availability of sucrose for growth of certain fungi has been reported 
elsewhere (f<^, 19), With the present fungus, it evidently exerted 
an inhibitive effect and antagonized the stimulative effect of tlae orange 
extract. The inhibitive ancl antagonizing effects were also additive, 
Duggar {6) noted variation in the stimulative and inhibitive effect 
of certain minerals. In a recent study Lin {12) claimed that conidia 
of Glomerella cingulata (Ston.) Spauld. and Schrenk require carbon, 
magnesiiim, nitrogen, and phosphorus * for germination. Since the 
soluble carbohydrate, supplied in the above experiment, did not insure 
good germination of the pycnospores, the effect of lack of certain 



CONCENTRATION IN MOLAR I TY 


2.“~-Effeet of sucrose in 2-percent orange extract ancl of dextrose without 
orange extract on germination of pycnospores. No germination occurred when 
sucrose alone was used. When 2-percent orange extract was added to dextrose 
solutions complete and vigorous germination occurred throughout. 
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ininei'cils was considered. In tlie present experiment a niodificatiou 
of Duggar's solution “ wdiich contained all essential minerals, wuis used 
wdtli and without a stimulant. Two plates containing 5 milliliters of 
nutrient solution with 0.2 milliliter of pycimspores susjamsioii at 
standard density "were compared Avith two plates containing the sanui 
nutrient to Avhich 2 percent of orange extract was added. Two percent, 
of orange extract was used as a standai’d control. All treatments 
were kept at 24° C. for 24 hours when the percentage ot‘ giuuiinat ion 
as well as the vigor and length of germ t ubes were recoi-ded. A sum- 
mary of the data is shown in table 2. Although 4.5 perccmt of the 
spores germinated without orange extract the swelling of sjmres befoi'e 
germination was slight and the germ tubes were very thin. When germ 
tubes in nutrient solution with orange extract and in 2-percent orange 
extract in distilled water are compared, it is er nkmt that the nutrient 
solution had an inhibitive rather than a stimulatn e effect on germina- 
tion. Thus the mineral salts present in the solution were not essential 
for germination of pycnospores. 


Table 2. — l!^ntrUmt solution in relation to pyenospore (fvrmination of Af. liulonis 


Medium 

Germina- 

tion 

Description of germ tuVics 

Modified Duggar's solution.. 

Percent 

45 

73 

Spores swollon only slightly; g(‘rm tubes 
short and no branches. 

Spores swollen moderately; germ tubes longer 
than above and occasionally branched. 

2-percent orange extract in modified Dug- 
gar's solution. 

2'percent orange extract in distilled water — 

98 

Spores swollen normally; germ tiC'es vigor- 
ous, long and in'ofusGy branched. 


TOXICITY OF MIKERAI. SALTS 

Control of black rot by spraying with bordoaiix mixture 1ms beem 
suggested 25)^ but tliere is little or no ovidotice of an 

experimental approach to this phase of the disease. The toxicfity to 
pycnospores was studied. The salts selected for the experiments vv(‘r(i 
copper sulfate, zinc sulfate, aluminiun sulfate, nuoTuric*- chloride, and 
silyer nitrate, llie appropriate concentrat/ious ne(‘essarv for each 
salt were determined by preliminary trials. For each salt an M/I 
stock solution was made and the desired coneemtrat ions weru*. pin^pa red 
by dilntion. Dilutions were set up in geometric ])rogression. After 
the dilution was made 0.2 milliliter of standard sf)ore susf)eusioii of 
a culture and 0.2 milliliter of orange piicc were added io 10 
milliliters of solution so that each test solution contained approxi- 
mately 80,000 spores per milliliter. Conductivity water, with orange 
juice added, was used as a control solution. 

Methods for testing the fungistatic effect of a toxicant liave been 
recommended and discussed elsewhere •^4? A5). The various 

external and internal factors which may influence the results were 
considered in conducting the germination tests. Since the iiycno- 
spores of the fungus germinated equally well in drops on glass slides 


" KnO, 0.1 M (10 milliliters) ; KH 3 PO 4 . 0.05 M (10 milliliters) ; MgSO., 0.01 M (10 
milliliters) ; ferric sulfate 0.000002 M (0.5 milliliter) ; dextrose 0,25 M (25 
milliliters). 
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and ill a shallow layer of the solution in the bottom of a petri dish 
(ii)5 both .methods were used. Nine-centimeter py rex petri dishes 
were cleansed with cleaning solution, washed with tap water, rinsed 
thrice in distilled water, and dried in dust-proof desiccators. Five 
milliliters of the inoculated test solution was pipetted into each of two 
petri dishes, which^were tipped gently until the spore suspension was 
evenly distributed in a thin but continuous layer. Observations were 
made with a microscope by focusing on the bottom of the dish, since 
most of the pycnospores sank promptly to the bottom. In the case 
of drop-on-slide tests, U-shaped glass rods were used as supporters 
for the slides in 90-millimeter pyrex petri dishes lined with clean 
blotting paper moistened with the same solution used in the respective 
tests. Fyrex slides were cleaned as in the case of the petri dishes and 
one slide containing three drops of the prepared spore suspension was 
placed in each dish. For each concentration of solution two slides 
were pi-epared, giving a total of six drops for each test. The test 
slides and dishes were incubated at 24*^ to 28 C. Each experiment 
was set up at about 4 p. m. and the counts were finished before 11 
a. m. the next morning. In the case of each salt, six successive experi- 
ments were run by the drop-on-slide method. These were supple- 
mented by petri-dish tests with copper sulfate, zinc sulfate, and 
aluminum sulfate. 

The criterion adopted for positive germination was the presence of 
a germ tube visible under the microscope. Those si)ores that swelled 
but did not produce a germ tube were considered nongerminative. 
The total number of spores and the percentage of germinating spoi'es 
were determined in a standard area of 54 square millimeters marked 
with India ink on a cover glass placed in the ocular of the mici'oscope. 
In order to facilitate the counting, this area was again divided into 
6 small squares. Tl;ie counting was done with the aid of a hand counter. 
The average percentage germination of spores in six samples taken 
from six drops of the same concentration, or from two petri dishes 
of the same treatment was recorded. The observed percentage of 
germination in a given solution was subtracted from the percentage 
germination of the control, the difference was multiplied by 100, and 
the product was divided by the percentage germination in the control 
to secure the Abbot correction for raort^ality. 

The method used for measuring the LD50 and LD95 follows those 
suggested by Bliss (£) and later by Wilcoxon and McCallan (£7) 
and by Dimond et ah (d). The percentage of inhibition of the 
germination of viable spores in a certain concentration of solution 
as calculated above was first transformed into probits (^), and then 
plotted against the logarithm of the corresponding molarity of the 
solution. The LD50 and LD95 were taken directly from the curves. 

The results i-ecorded in table S were from spores germinated directly 
in pyrex petri dishes. The order of the relative toxicity of the tested 
salts, except Ah ( SG4) 3, measured in both LD50 and LD95 was AgNOs 
HgCh CUSO4 Z11SO4. Using CUSO4 set at unity, as a basis for com- 
paiuson, AgNOs was 100 (LD50) or 82 {LD95) times more toxic than 
CUSO4 in terns of molarity. Likewise HgCh w’^as 21 (LD50) or 30 
(H)95) times as toxic. ZnS04 was only 0.33 (LD50) or 0.47 (LD95) 
times that of CuSO.i Al^ ( SO4) s was nearly equal i ntoxicity to ZnSO.i 
at the LD50 level but its toxicity dropped to almost one-third that 
of ZnS04 at the LD95 level. 
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Table %.—Tox4cUy of sotne mineral salts on the germination of mmospores of 
MpcosphaereUa melonis ivhen germinated directly in petri dishes 



The results recorded in table 4 were obtained by drop-on-slide 
tests. The toxicity of Cuco4 was lower than in the previous experi- 
ment, but that of Ala (804)3 was slightly higher. The relative order 
of CUSO4 and ZnS04 was the same but Ala^SO.!) 3 was twice as toxic 
as GUSO4. Because of this discrepancy, the data on toxicity of alu- 
minum sulfate were considered to be inconclusive. 


Table 4. — Toxicity of some mineral salts on the germination of pycnosporcs of 
Myoosphaerella melonis when germinated in drops on slides 




PERCENT INHiBJTiON OF GERMINATION IN PROBITS 
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The concavity of certain curves of dosage-response study of some in- 
organic salts was first observed by McCallan et al. {IS ) . In the pres- 
ent experiment, almost all curves obtained showed that character 
(fig. 3) . On probits paper, each curve consisted simply of a breaking 
straight line. Such breaks occurred, in general, below the LD50 level. 
Therefore the use of LI)50 for evaluation was still reliable except for 



Figure 3 . — Comparison of the toxicity of some iiiliioral salts on the gerinina- 
tioii of pycnospores of M. melonw when exposed in pyrex petri dishes and in 
drops on slides. Each value represents the average of six experiments. 


aluminum sulfate tested in petri dishes. The change of slope of these 
curves in the lower dosage indicates that the response of the proto- 
plasmic substance of the pycnospores in the lower dosage was less 
sensitive than in higher dosages. Such a change of protoplasm-dosage 
response might be responsible for the slope of curves. 

The advantage of germinating certain kinds of fungus spores cii- 
rectly in petri dishes for toxicity tests have been discussed by Lin 
(11), As preliminary trials revealed, this method seemed satisfac- 
tory for the present expeximent. When Lin applied it to the toxicity 
of copper sulfate to the germination of conidia of Solerotinia fyvA^U- 
duZci (Wint.) Rehin, he found that the toxicity of copper was several 
times as great as that observed by McCallan and Wilcoxon (H) on 
slides. However, he did not point out the cause of this discrepancy. 
Obviously no two toxicity tests ai^e exactly alike, as already recog- 
m2:ed by many workers. The present experiment yielded evidence 
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that both copper sulfate and zinc sulfate were more toxic ivlieii 
pyciiospores were tested directly in petri dishes tliaii wdieii^tliey were 
tester! on slides. However, the difference did not liol.d true in the case 
of aliiminiiin sulfate. It is believed that oxygen wris^aii iniportant 
factor ill the discrepancy between the two methods of gerniiiiatioiL 
Although oxygen shortage ,-was insignificant when no Urxicaut was 
present, it might be expected that Avheii certain toxicaints disturl)e(l tlie 
regular enzymic or respiratory functiGiis of tlie living systcnn of tlie 
pyciiospores, an increase in need of oxygen iniglit reveal shortage of 
the latter. On the other hand, aluminum might have a different toxic 
effect on the living system of the pycnospoi^es, and therefore not show 
a difference, as copper and zinc did, between the two methods of test- 
ing germination. 

Nielson (16) found silver salts to be effective protectants against 
PhytophthoTa infestans (Mont.) DBy. In this sfudy 0.01 gamma per 
niiililiter of silver as silver nitrate inhibited 95 percent of the germi- 
nation of the pyciiospores of M. meloms as compared with 4.3 to 19 
ganiina per milliliter of copper. 

KEUATION OP TEMrERATURB a?0 GROWTH 

Wiant {25) studied tlie temperature relations of tliis fungus and 
reported that no growth occurred at 35° and 40° F. (1.7° and 4.4° 0.) , 
and only slight growth at 45° F. (7.2° C.) , maximum growth occurred 
at 80° F. (26.7° C.), and no growth occurred at 95° F. (35° Cl). In 
the present study pycnospoi*es were seeded uniformly on potato- 
dextrose agar plates which were incubated at 12°, 16°, 20°, 24°, 28°, 32°, 
and 36° C., respectively. In every treatment seven replications were 
prepared. The diameters of fungus colonies were measured at in- 
tervals of 24 hours. The results are presented graphically in figure 4. 
The optimum lay between 20° to 24° C. The upper limit for growtli 
was 36°, while the loiver limit was somewhat below 12° C. The results 
were in general agreement with those of Wiant [25). Interestingly, 
the fungus seemed to have the same optimum temperature for growtli 
as Ascoehpta Lib. Myeosphaerella pinocUs^ (Berk. & Blox.) 
Stone, as reported by Hare and Walker (5), The ac^celeratioii of (lu‘. 
rate of growth was rather unifoim and rapid at the optimum tem- 
perature. At 12° and 16° C. the growth started very slowly, but the 
rate of acceleration was nearly as great as at higher temp(u*atures. 

EEIiATION OP REACTION OB' MIDDIUM 

The relation of hydrogen-iron concentration to growth and sponda- 
tioii was studied with semisolid potato-dextrose aga,r and with modi- 
fied Duggar’s liquid medium. The former was titrated with. IICl 
and NaOH to the following pH values: 4.0, 5.0, 6.5, 7.0, 8.5, a^iul 9.5, 
Four plates for each value were prepared and seeded uniformly with 
the sporulating As strain. AU plates were incubated at 24° C., and 
the diameters of the colonies were measured at 24-lK)ur intervals for 
4 days. Coloration and sporulation were recorded on the tenth day. 
The modified Duggar’s solution was titrated with HCl and NaOH to 
the desired pH values. Fifty-milliliter aliquots of each solution 
were placed in 150-milliliter Erlenmeyer flasks and autochived at 
15 pounds for 15 minutes. The pH value was determined after steri- 
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lization. The initial pH values after sterilization were 2.6, 4.1, 5.9, 
7.1, 8.0, 8.8, and 9.8. Each flask was seeded with one drop of pycnos- 
pore suspension made from a 5-i a. culture. All flasks were incu- 
bated at 24°. Observations were made every day with special ref- 
erence to sporulation. At the close of the eighth day, all cultures 
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PiiiUBK 4— .Relation of temi)erature to growth of M. melonis on potato-dextrose 

agar. 

were filtered through previously desiccated and weiglied filter papers. 
Mycelial mats and filter paper were then dried at 102°. 

In the semisolid medium there was no significant difl'erence iit the 
growth rate from pH 5 to 9.5; and slight decrease occurred at pH 
4.0 and 5.0. Spoliation was most abundant at pH 6.5 to 7 and was 
absent only at pH 9.5. The degree of coloration was correlated closely 
with sporulation. In the liquid medium the dry weight of mycelium 
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aried little within the range of. pH, 5.9 to 9.8, A slight_ decrease 
in weight occurred at pH 4.1 and no growtli occurred at pH 2.6. liie 
results were similar- to those obtained in tlie seniisolid inedinin. Ihe 
fruiting bodies appeared first at a pH of 4.1 on the tliird day, next at 
pH 5 . 9^011 the fourth day, at pH 7.1 on tlie sixth day and. at pH 8 
to 9 on the seventh, day. Variation in the abundance of irniting 
bodies was not significant. The final pH value of the filtrate of eacli 
flask was usually 6.4 to 6.6.^ The earliest and most abundant sporin 
lation in the semisolid medium was at pH 6.5 to 7.0. It appeared, 
therefore, that in the liquid medium sporulatioii wars favored at a 
pH value close to neutral and that the earlier the favorable point 
was produced in the medium by the fungus growth, the earlier the 
fruiting bodies developed, 

OVERWINTERING OF THE FUNGUS 

Naturally infected watermelon stems bearing mature perithecia and 
pycnidia and dried fruiting cultures of the As type (4) on agar and 
on steamed 'watermelon stems were wrapped in cellophane and placed 
out of doors at Madison, Wis., from November 1945, to April 1946. 
Watermelon and squash stems from plants inoculated in the field with 
a B-la culture were left in wire gauze on the surface on the ground 
at Madison from November 1946, to June 1947. In both seasons the 
perithecia and pycnidia were empty by spring but the fungus was 
isolated readily in every case. In the 1945 material, a new crop of 
pycnidia was produced by May 29. In the 1946 material, the host 
debris disintegrated without production of a new crop of pycnidia. 
The As type was recovered in 1946 and the B-la in 1947. It appears 
that the fungus lives over in northern winters as dormant mycelium 
from which a new crop of pycnidia is produced in the spring to serve 
as the primary inoculum. 

PATHOGENICITY AND DISEASE DEVELOPMENT 

An A type culture was grown on a sterilized mixture of oatmeal 
and sand as previously described for corn-meal sand Seeds 

of Hubbard squash {Cucurbita Ducliesue) and Table Queen 

squash {Oucurbita pepo h.) and Hawkesbury and Improvcal Kleck- 
ley SAveet watermelon, sterilized with 1:1,0()() mercuric chloihle for 
10 minutes and washed with sterile water, Avere sown in furrows in 
each of four flats of sterilized soil. The prepared inoculum was a.(lde<l 
to each furroAv in three fiats, and a layer of sterilized sand was applied. 
In the fourth flat only sterilized sand was added. The experiment 
Avas carried out in a greenhouse at 28^ C. The reductiou of emer- 
gence Avas 26 percent in Hubbard squash, 18 percent in Table Queen 
squash, 15 percent in HaAvkesbury Avaterinelon, and 6 percent in Im- 
proved Kleckley Sweet watermelon. On established seedlings, spot- 
ting of cotyledons Avas common but no symptoms appeared on the 
primary leaves. Hypocotyl cankers were found only on about 16 
percent of the Table Queen squash seedlings. When the nonemerged 
seeds Avere examined, it Avas found that some seeds were still dormant, 
while others had started to germinate and had been killed. Isolations 
from such plants yielded A type cultures. 
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Symptoms on the cotyledons varied with the species and variety. 
On watermelon the first signs were on the lower surface where small 
green spots appeared and became gray green and round or irregularly 
shaped with age. At high temperature and humidity, the spots 
extended rapidly to form large, irregular sunken, grayish-green 
patches, sometimes blighting the entire cotyledon. On Hubbard 
squash, reddish-brown to bright orange pustules appeared on the lower 
surface as soon as the cotyledons emerged. The pustules were usually 
raised and surrounded by a 3^ellow halo. They were as large as 2 
millimeters in diameter and varied in number, the entire cotyledon 
turning yellow and shriveling in some cases. 

The canker on the hypocotyl of Table Queen squash started with 
an indefinite brownish lesion which increased amder favorable humid- 
ity and girdled the plant. If humidity was high, damping off might 
follow, while at times the tissue of the girdling lesion dried out and 
the top of the plant remained turgid. When seeds were soaked over- 
night in a suspension of pyenospores from a sporulating culture and 
planted in sterilized soil the symptoms were similar but the percentage 
of infected plants was lower, 

SUSCEPTIBILITY OF SEEDLINGS 

Seeds of Hubbard squash, Table Queen squash, Improved Kleckley 
Sweet watermelon and Hawkesbury watermelon were treated and 
planted in sterilized soil. When the first leaves were enlarging, the 
pots were placed in a moist chamber at 25° C., inoculated with a 
pyenospores suspension, and left for 48 hours. The pots were then 
removed to a greenhouse at 28° and low relative humidity. The 
results, given in table 5, show that watermelon was more susceptible 
than Hubbard squash and Table Queen squash. The last two devel- 
oped resistance rapidly following emergence while watermelon re- 
mained extremely susceptible. Little or no infection of cotyledons 
occurred in either species of squash and infection of young leaves 
appeared as very small yellow hypersensitive lesions which became 
macroscopically invisible as the leaves enlarged. The cotyledons of 
watermelon showed local spots or a general blight which extended 
to the hypocotyl and commonly killed the plant. On watermelon 
leaves circular or irregularly shaped spots appeared which were gray- 
green at first and changed eventually to dark brown. Sometimes 
blight of the whole leaf followed. 


TABije Results of inoculation of young seedlings of sQuash and watermelons 
toUh pycnospore suspensions of M, melonis 


Species 

Variety 

Total 

plants 

Healthy 

plants 

riants 

with 

spotted 

leaves 

Plants 

with 

hlighted 

leaves 


IHubbard . , - . — - - - - 

Number 

22 

23 

25 

.■■■ m 

Percent 

63.6 

91.4 

0 

12.5 

Percent 

36.4 

8.6 

60.0 

40.6 

Percent 

0 

dr ■ 
40.0 
46.9 

Watermelon 

1 Table Queen. 

/Improyed Kleekley Sweet. 
\Hawkesbury- — - 



1502 Jowrndl of Agrimltural Research ¥oI 7 <s,no. 12 


The inoculation of watermelon was i*epeatecl with separate suspen- 
sions of ascospores and pycnos|)ores from a ^ profusely sporiilatiiig 
culture secured from monoascosporic isolation from an il.6\Giil"- 
tiire. The two types of spores were segregated by remo¥ing perithecia 
and pyciiidia caref ully from the culture plates. Both types of spores 
produced equally heavy infection on cotyledons and leaves. 

Seeds of Tlawkesbury and Improved Kleckley^ Sweet varieties of 
watermelon were sown at different dates so that, for a single inocula- 
tion experiment, seedlings at 15, 23, and 30 days after emergence were 
available. They were inoculated with pycnospore suspension and 
observed as in previous experiments. The results in table 6 show that 
ill Improved Kleckley Sweet there was a rapid increase in resistance 
of leaves with age. A similar but much slower progression occurred 
in Hawkesbury. 

As already stated, Grossenbacher (7) reported the cucumber as im- 
inune to the disease. Weber (^4) later reported a seedling wilt and 
leaf spot of that species. Diseased cucumber fruits have been ob 
served frequently in market and transit {2S), The seedlings of a 
number of cucumber varieties, including Ohio 31, Maine 2, Chicago 
Pickling, ISrational Pickling, Stays Green, and Fi hybrids of crosses 
between several of these varieties were inoculated tluxaigli wounds 
at the first node and kept in a moist chamber at 25"^ C. for 1 week. 
None of the plants showed signs of disease. In the next experiment, 
plants of varieties Long Stays Green, Cubit, Parker, Chicago Pick- 
ling, and Marketer were inoculated by spraying with a suspension of 
pycnospores when the first two foliage. leaves were enlarging. The 
seedlings were placed in the moist c&mber 3 days before and kept 
there 3 days after inoculation and were then removed to a greenhouse 
at 28° C. Gray-greenish spots developed, beginning near the inar- 
gins of the cotyledons, and progressing inwardly. Yellowish lesions 
on leaves were usually very small and either disappeared macroscop- 
ically or remained as inconspicuous brown spots. It was obvious that 
cucumber seedlings were highly resistant in the early seedling stage. 


Table ^.—Development of disease on watermelon seedlings at different ages 


■' Variety 

Days 

after 

einerg- 

etico 

: Deaves 
Inocu- 
lated 

Healthy 

leaves 

Slightly 

spotted 

leaves 

Severely 

spotted 

leaves 

Blighted 

leaves 

Disease 
IndeX' ■' 

Improved Kleckley Sweet 

Number 
f 15 

Number 

54 

Percent 
25. 9 

Percent 
50. 0 

Percent 
24. 1 

Percent 

0 

32.7 

i 23 

22 

86.3 

13.7 

0 

0 

4.9 


1 30 

20 

90.0 

10. 0 

0 

0 

■ ■ '3.3 

Hawkesbury 

15 

31 

29.0 

46. 1 

25.8 

0 

32.3 

1 23 

21 

■ 33.3-. 

38. 1 

28.6' 

0 

, 31.8 


1 30 

17 

58.8 

23.6 

17.7 

0 

17.6 


Microscopic examination of inoculated cotyledons showed that the 
germ tubes of pycnospores rarely penetrated unwounded tissue. An 
experiment was then planned in which the cotyledons of some of the 
plants were injured by rubbing with a suspension of carborundum 
before inoculation. These were compared with plants inoculated in 
the usual way. The results are given in table 7. There was a wide 
difference between varieties in the amount of infection in unwounded 
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cotyledons. Except for Chicago Pickling there was a substantial in- 
crease in cotyledon infection following abrasion with carborundum. 

In previous experiments the hypocotyl of Table Queen squash was 
very susceptible in seedlings grown on infested soil, but when pycno- 
spores were sprayed on the hypocotyl, cankers were formed only 
rarely. Certain other methods of inoculation were tried. Seeds were 
sown in 6-inch pots, and the plants were thinned to 3 per pot. When 
the primary leaves were well developed, pycnospores and mycelium 
were applied separately to hypocotyl wounds. In some cases the 
plants were placed in the gi'eenhouse at 28° 0. without further treat- 
ment; in other cases the wounds were wrapi)ed with absorbent cot- 
ton which was kept moist for 4 days. The results after 1 week are 
given in table 8. They show that a high percentage of infected plants 
was secured when the wounds were kept moist for a period of 4 days. 


Table 7. — Remits of inoculation of €ueuml)er seedlings in which uninjured 
cotyledons and cotyledons wounded with a suspension of cardorundum were 
compared 


Variety 

Plants infected when— 

Increase or decrease 
in wounded 
plants as coiii- 
par(Ml with non- 
w'ounded plants 

Not wounded 

Wounded 

Lone: Stays Green 

Percent 

22 

0 

45 

89 

0 

0 

Percent 

40 

40 

75 

SO 

40 

40 

Percent 

+18 

+40 

+30 

-9 

+40 

+40 

Cubit 

Parker 

Chicago Pickling 

Marketer 

Stays Green 



Table 8. — Infection of hypocotyts of TaUc Queen squash inoculated l>y several 

methods 


Treatment 

Inoculum 

Plants with degree of infection indicated 

Disease 

index 

None 

1 

Slight 

Severe 

Killed 

Cotton applied. ,.,.. 

No cotton applied 

f Mycelium - . . 

1 Py cnos pore 

(Mycelium 

\Pycnospore„ ....... 

Percent 

4.7 

0 

42.8 

61.7 

Percent 

16.3 

0 

4.8 

20.7 

Percent 

20.8 

33.3 

23.8 

13.8 

^ Percent 
' 68.2 

66. 7 
28. 6 

13.8 

77.8 

89.0 

46.1 

29.9 


TEMPEKATURE IN RELATION TO DISEASIfl DEVELOPMENT 

Previously recorded observations on the environmental conditions 
favorable for the development of black rot are meager. In Kew York, 
Grossenbacher (7) considered ^‘warm, moist” environment essential 
to development in the greenhouse, and he regarded field environment 
in that locality to be generally unfavorable. Orton and Meier (17) 
regarded abundant rainfall and relatively high temperatures essential 
to the development of field epidemics. Walker and Weber {^S) noted 
the severest development of the disease on watermelon in Florida 
following cold, wet periods. In this investigation, the disease was 
studied on young plants grown at controlled temperatures in the 
'greenhouse.. 
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Twenty-day seedlings of Hawkesbury and Improved Kleckley Sweet 
watermelon were placed in inoculation chambers for 2 days at 12°, 16°, 
20°, 24°, and 28° C., respectively, and then were inoculated with a 
suspension of pycnospores from a culture. In another experi- 
ment 16-day Early Knight nuiskmelon seedlings in pots were inocu- 
lated within the* following ranges: 12-16°, 16-20°, 20-24°, and 
24-28° C., respectively. The results, given in figure 5, show that 24° 



Figure 5. — Relation of temperature to disease development in 20-(lay seedlings 
inoculated and maintained in a moist elaamber for 48 bours. 


was tlie most favorable temperature for infection of watermelon and 
tlie disease index decreased steadily with temperature to 12°. In 
the case of this host the optimum temperature for infection corre- 
sponded to that for spore germination. In the case of muskmeloin 
the disease index Avas generally low because there was no blighting of 
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the 3 ^oiing shoots, although the leaves were badly spotted. The opti- 
mum temperature for infection was some 6 degrees lower than in 
watermelon. Several trials with the same variety and with Golden 
Delicious and Wisconsin Pride varieties yielded similar results. A 
possible explanation for this difference between hosts is that the 
susceptibiit^^ of watermelon seedlings was constant at all temperatures 
and consequently the effect of temperature on spore germination and 
growth was most important, while in muskmelons resistance may have 
increased with temperature so that the relation of temperature to 
infection was the result of the effect of temperature on host and on 
pathogen as well as on their interaction. 

In another experiment, 27-day seedlings of Hawkesbury and Im- 
proved Kleckley Sweet watermelon were placed for two days in a 
moist chamber at 24° C., then inoculated and allowed to stay in the 
moist chamber overnight. They were divided between greenhouses 
controlled at 16°, 20°, 24°, and 28° C. The disease was very slight 
at 16° but at the other three temperatures the disease indices were 
very close (60 to 65). It would appear, therefore, that while the 
most favorable temperature at the time of inoculation of watermelon 
is 24°, the disease progresses subsequently about equally well on 
3 ^oung plants at temperatures from 20° to 28°. 

MODE OP PENETRATION 

Grossenbacher (7) demonstrated that penetration was possible 
through the uninjured surface of the muskmelon stem, yet he did 
not mention the mode of penetration. Klebahn (10 ) , in his study of 
Ascochyta lyeopersici^ claimed that the penetration was direct. Hare 
and Walker (S) also observed direct penetration in Mycosphaerella 
pinodes. 

In the present observation, pycnospores were sprayed on cotyledons 
of watermelon and cucumber seedlings. After 24 hours in a moist 
chamber at 25° C., the cotyledons were detached and stained with 
1-percent crystal violet for 1 minute and immediately washed with 
running water to remove the superfluous stain. The upper and lower 
epidermis was then carefully removed with a razor blade and observed 
directly under the microscope. Since the germinating spores and 
parts of the germ tubes on the surface of the host took the stain readily 
while the walls of the epidermal cells of the host did not, the dif- 
ferentiation between parasite and host was very distinct. Stages of 
penetration ai^edlhistrated in figure 6. 

In the case of watermelon cotyledons direct penetration took place 
on both surfaces ; no stomatal penetration was found. The relatively 
thick germ tubes sometimes became slender before penetration. Inci- 
dentally, one germ tube sent out two or more branching infection 
threads to penetrate at several points. 

In the case of cucumber cotyledons, most germ tubes of pycnospores 
grew over the upper surface without a single penetration. On the 
lower surface, occasional penetration into the intercellular spaces 
was observed. The base of the abraded trichome on the upper surface 
was probably a favorable point for infection, but none of the germ 
tiibes of pvcnospores was able to penetrate the intact base of the tri- 
chome. When the up^^^^ of the cucumber cotyledon was 
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FiatTRB 6.— Penetration by byphae from pyonosporen : M, direet penetration 

between epidermal cells of upper surface of watermelon cotyledon; 0, penetra- 
tion of lower epidermis of watermelon cotyledon ; D, penetration through 
base of wounded trlchome on upper ephlermis of cueuniber cotyledon; P, 
penetration between epidermal cells of lower surface of cucumber cotyledon. 

abraded with carborundum, the percentage of infection increased, due 
probably to the increased number of injured trichomes. 

Direct penetration of the hypocotyl and the stem of seedlings of 
Table Queen squash, watermelon, and mnskmelon by mycelium was 
also observed. Penetration did not take place, however, unless the 
mycelium was placed in close contact with the surface of the hypocotyl 
or stem and supplied with sufficient moisture by wrapping in moistened 
cotton for several days. In the field it was observed that the long 
contact of the procumbent vines of watermelon, muskmelon, and cu- 
cumber with the moistened infested soil usually induced development 
of vine cankers. In nature, most vine cankers began development 
on the lower side of the stem. 
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Table 9 . — atliogenicUy of strams of M, melonis when inoculated on liyocotyls 

of Table Queen squash 


Strain 

Plants 

inocu- 

lated 

Plants in disease class indicated 

Disease 

Healthy 

Slight 

Severe 

Killed 

index 

yls 

Number 

22 

Percent 

0 

Percent 
13.6 : 

Percent 
63.6 ; 

Percent 

22.8 

69, 6 

A 1 

25 

4.0 

52.0 1 

36.0 

8.0 

54. 8 



17 

58.8 

41.2 

0 

0 

13.6 

A~^ K ' 

18 

0 

11. 0 

22.4 

66.6 

85.0 

A~$s 2 

23 

52.2 

30.4 

8.7 

8.7 

24.6 

B~a 1 

18 

0 

72.0 

22.4 

5.6 

. 44. 4 

B-b 1 

24 

0 

29.2 

45.8 

25.0 

65.2 

B-lai - 

55 

0 

5,6 

27.5 

67.0 

87.0 

B-lb^ 

24 

0 

4.1 

33.3 

62.6 

86.5 

B~SK 

24 

100.0 

1 0 

0 

0 

0 

Uninoculated 

32 

100.0 

i “ 

0 

0 

0 


1 Spontaneous mutant. 

2 Mutant which appeared after irradiation. 


VARIATION IN PATHOGENICITY 

In a previous paper (4) it was sliown that the wild type (il^) of 
the causal organism gave rise spontaneously to mutants and that the 
rate and type of mutation was modified by irradiation. Some of the 
mutants were sterile and in others the degree of sporulation varied. 
In order to carry out an assay for pathogenicity a method was needed 
in which mycelium, and spores would serve equally well as inoculum. 
Wound inoculation of hypocotyls of young Table Queen squash plants 
was used for the assay. After several preliminary trials, a standard 
procedure was selected in which the inoculation period was 72 hours 
at 28° C., and subsequent incubation in the greenhouse was at 28° to 
32°. While the experiment was not set up in such a wa 3 r that the 
significance of differences in indices could be calculated, it is obvious 
that a wide range in pathogenicity prevailed (table 9), Three 
mutants {B-la^ B-lb^ and A-g), one of which was secured after 
irradiation, were more pathogenic than the wild type, although niore 
data would be necessary to determine whether they were significantly 
so. A, the common mycelial mutant arising from As^ was slightly 
less pathogenic than the wild type. One spontaneous mutant (A-i) 
was very low in pathogenicity, while one mutant {B-^S) isolated after 
irradiation was non|)athogenic under the conditions of the experi- 
ment. was a sterile albino while was a fertile albino. 

There was no apparent linkage between pathogenicity and such cul- 
tural characters as pigmentation, sporulation, and growth rate. 

inoculation: OB" seedlings ■ ■ OE OTIIEn cucuebits^ 

Plants of several species and varieties of cucurbits not previously 
tested were inoculated in the seedling stage in the greenhouse. Some 
plants were inoculated through the wounds at the cotyledonary nodes, 
and some by spraying in the first-leaf stage; others were inoculated 
through wounds on the runner when the latter was about 2 feet in 
length. The tests were starteci in July and continued into September 
194:6, No infection occurred from spraying the cotyledons and the 
foliage leaves with a suspension of pycnospores except in the case of 
Dickinson pumpkin, where fairly severe lesions were produced on 
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cotyledons but not on leaves. The development of eankei’s on older 
runners was meager but tlie results were jn'obably nillneiu-(>d more 
bv the low Immidlty of the greenlioiise than liy the inhei-ent. i-esistiinee 
or susceptibility of tlie plants. The list of species and varieties and 
the results from inoculation at the cotyledonary nodes, wliieh were 
more consisteut than those from other methods, are given in (abh‘ 
10. Chuikers were most severe on (hicurhlta foefidisniitiK Kunlh and 
fairly severe on 0. andreamiNmid. and Small Sugar ]>umpkin. Small 
cankers wei'e formed on Dickinson pumpkin and Karlij Proli'fic, 
(Straight Neck) squash. Limited dead lesions formed_ around the 
points of inoculation on C f elf alia Boiiche, Lagcnnria leiumitha 
Etisby and Gray Zucchini vegetable marrow. 


Tabib 10. — Species and varieties of ovciirUts tested for susecptihility to 
M. melorvis m the seedlvng stage 


Bpecios 

Variety 

Infection 
of coty- 
ledons 

infi'ction 
of leavt'S 

( ’unki'r 
from itu 

.\t eoty- 
l(‘<l()nnry 
nod(‘ 

fornuMl 

leulution 

On run- 
ners 

Oitriillus vuf(f(tris 


1 




CucuThita a7idTe(i7ta> 




■ 


O. ficifolia. . - . ... . 





^ . , 

C, foetidissi7na 





+ 

+ 

O.pepo.^ . - ... 

Small Sugar 



I'lt 


Dfckimori.-... 

++ 

-- 


Gray Zueehim 


— 

+ - 


O. moschata 

Early Prolific (Straight Neck) . 


»« 

+ 


Lufj&mHd Imca'iUha 

— 



4*- 

+ “ 


1 Explanation of symbols: + indicates the degree of infection; — nictms no iiifet'tian; -I-”™- means (iio for- 
mation of small and limited lesion. 


INOCULATIONS IN TIIPl FIELD 

In 1946, inoculations were made on plants in the field at. Madison, 
Wis. Hawkesbury, Improved Kleckley Sweet and Early Kansas 
watermelon varieties, Hubbard squash, and Table Queen stpiash were 
sown in Juire. In July, inoculum from a B-la culture was inserted 
in wounds on the hypocotyl, at the cotyledonary node, in the lowei- 
stem and near the growing point. In early August small lesions were 
evident on watermelon around the points of inoculation wlnu-e a red- 
dish brown gummosis occurred. In early Septe.itvber sevei-e cankei's 
had formed on Hawkesbury plants in the region around the c,otyh'.- 
(lonary node and fruiting' bodies were observed on Sejd ember’ 20 
(fig. 7). When inoculations were made on the stem two or three 
nodes above the cotyledonary node cankers also developed in th(>, 
Hawkesbury plants. Deep cracks in the tissue occurred as the lesion 
progressed but the relative number of fruiting bodies was lower than 
in the cotyledonary node (fig. 8). The cankers which formed follow- 
ing inoculation near the growing point were smaller and few fruiting 
bodies were produced in them. The cankers on plants of the other 
two watermelon varieties wer.e very snaalL Little signs of disease oc- 
curred on Table Queen squash. On Hubbard squash, lesions appeared 
at points of inoculation as white patchfes and the stems became swollen. 
Cankers were not conspicuous until: the fruits began to mature and 
fruiting bodies on the fungus did not appear until late in October. 
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111 1947, varieties of watermelon, muskmelon and cucumber listed 
ill table 11 were inoculated. Yellowing and gradual defoliation of 
the older portion of the vines of Hawkesbury became evident as the 
first fruits began to mature. This variety^ was definitely more sus- 
ceptible than Improved Kleckley Sweet, as it was in the field in 1946 
and in the seedling inoculations in the greenhouse reported earlier 
ill this paper. On muskmelon, the cankers were more severe than on 
watermelon and the amber-colored gummosis was more prevalent. 



Figube 7. — Cankers at the cotyledonary nodes of Hawkesbury watermelon plants 
near the end of the growing season. The plants had been inoculated in the 
early seedling stage. The fungus is fruiting abundantly in the lesion. 


The yellowing and defoliation of the older portion of the vines oc- 
curred earlier than in the watermelon. On cucuniber, small lesions 
appeared at points of inoculation but cankers and fruiting bodies did 
not appear until late in September (fig. 9) . Talile 11 shows the extent 
of infection of vines wliicli had developed by early October, Improved 
Kleckley Sweet watermelon was more resistant than Hawkesbimy 
watermelon and Wisconsin Pride muskmelon. A wide range of in- 
fection occurred in cucumber varieties.- Cubit was highly resistant 
as it was in the seedling inoculations in the greenhouse, while Parker, 
Stays Green, and National Pickling were very susceptible. Kows of 
uninoculated plants occurred so that by the end of the season, a con- 
siderable percentage of diseased plants were present in the nninocu- 
lated rows. The records of disease on plants in the iminoculated rows 
,are:,included 'inlableTl. ■' 

"6 


848.615—49- 
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F-uiure 9. — Cankers on the lower stems of eucumber near the end of the j^rowxng 
season. The ixlants were inoculated through wounds in the early seedling 
stage. The fungus is fruiting abundantly. 
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Table 11.~— 0cc?«/rr6«c'e of hlaclc rot on plants of watermelon, mMslmieton, and 
cucmn'be'r va/Heties, foUowinff inoculation in the field at Madison, Wis., in 
JM7 


Plants in disease class indicated and the disease index for th<3 Jot when— 


Species 

Variety 

Inoculated 

i 

In adjacent, nninoculat.ed 

Healtby 

Slightly 

cankered 

Severely 

cankered 

Disease 

index 

Healthy 

Slightly 

cankered 

Severely 

cankered 

Disease 

index 




Percent 

Percent 

Percent 


Percent 

Percent 

Percent 




friawkesbury — 

0 

10 

90 

94 

0 

100 

0 

33 

Water- 


1 1 m p r 0 V e d 

0 

92 

8 

38 

100 

0 

0 

0 

melon. 


j K 1 e c k 1 e y 

■1 










1 Sweet. 









Muskmelon.' 


W^isconsin Pride. 

0 

0 

0 

100 

3 

97 

0 

32 



^Stays Green 

0 

38 

62 

75 

0 

77 

23 

49 



Parker ----- 

20 

10 

70 

74 

54 

39 

7 

^ .25 



National Pick- 

0 ; 

32 

68 

71 

18 

30 

52 

63 



ling. 









Cucumber-- 


Chicago Pick- 

39 1 

4 

57 

58 

72 

20 

8 

15 



ling. 

1 










Long Stays 

50 

12 

38 

48 

74 

17 

9 

15 



Green, 











Cubit. 

65 

26 

9 

12 

1 

96 

0 

4 

4 


DISCUSSION 

In the present work, it has been pointed out that to insure full 
vigorous germination of the ascospores and pycnospores of the black- 
rot fungus, a minute quantity of stimulant was required. Although 
orange extract and cucurbit tissue extracts have the same function, 
they are considered to be different in nature. The active material in 
orange extract is thermostable while that in cucurbit tissue extract 
is thermolabile. Carbon from sucrose and mineral salts may not be 
essential for spore germination and the presence of a complete nutri- 
ent is not effective as in the case of GloniereUa cingulata (12 ) . Instead, 
the inhibitive effect of a nutrient solution as observed earlier by 
others and discussed by Diiggar (^) , was experienced. 

The optimum temperature for fungus growth was quite close to 
that reported by Wiant (2^). It is interesting to note that it is also 
close to those of Mycosphmrella pinoies and Aseoahyta pisi as re- 
ported by Hare and Walker (5). 

The optimum temperature for pycnospore germination corresponds 
to the optimum temperature for the infection of watermelon seed- 
lings. This indicates that the influence on infection in this case 
was based on the effect of temperature on the pathogen. In the case 
of miiskmelon, however, the optimum temperature for infection was 
lower, which may be due to a higher resistance of the muskmelon at 
the optimum temperature for the pathogen. 

Eeports regarciing the development of the disease in the field on 
watermelon plants vary. Walker and Weber (2c?) reported disease 
to be most severe in cool and wet weather in Florida, while Orton and 
Meier (77) reported that vines were killed in warm and rainy periods. 
The present studies show that temperature and humidity are critical 
factors in infection and that the high air humidity or soil moisture 
.exerts a greater favorable influence on disease development than tem- 
perature. Observations in the greenhouse and in the field showed that 
infected cotyledons became a source of further inoculum f or inf ection 
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of the hypocotyl and stem, where severe cankers were formed when 
infected portions were in contact with moist soil. The development 
of such cankers was rapid under humid conditions in the greenhouse 
as low as 16° C. On the basis of these findings it is thouglit that the 
prevailing wet weather was the main influential factor in observa- 
tions by Walker and Weber {23). In general, the observations of 
Grosseiibacher (7) and of Orton and Meier (17) coincide with the 
results of the present work. 

Variability in cultural characters was accompanied by variation 
in pathogenicity. Further studies on this phase of the problem should 
be made and extended to collections of the fungus from various cucur- 
bits from different localities. It is possible that the strains used in 
this investigation are more pathogenic on watermelon than some others 
ivhich might be found to exist. The development of resistant varie- 
ties of watermelon and cucumber may be possible. It has not been 
determined, however, whether plants with resistant vines produce 
resistant fruits. Nevertheless reduction of the amount of inoculum 
on vines might be a factor in the reduction of infection of fruits 
and thus contribute towmrd reduction of the disease in market and 
transit. 

SUMMARY 

The requirements for ascospore and pycnospore germination were 
studied. Small quantities of orange extract or cucurbit seed-cotyle- 
don extract added to the medium, stimulated germination. The op- 
timum temperature for germination of pycnospores was 24° C. Dex- 
trose solution stimulated germination slightly but not as well as orange 
extract. The effect was additive and the highest percentage occurred 
at M/1 concentration. Sucrose had an inhibitive effect on pycnospore 
germination and the effect was also additive. A nutrient solution 
containing all essential minerals and assimilative carbon inhibited 
germination somewhat in the presence of orange extract. 

When toxicity tests were carried out in petri dishes, silver nitrate 
was the most toxic substance tested. It required as low as 0.01 gamma 
of silver per millimeter to inhibit 95 percent of germination. Mer- 
curic chloride yvsiS also highly toxic but far less so than silver nitrate. 
Copper sulfate, although comparatively low in toxicity in comparison 
with silver nitrate and meimiric chloride, was still a promising toxi- 
cant. It required 4.3 to 19 gamma of copper to inhibit 95 percent of 
the spores. The LD95 of copper varied with the conditions under 
which the pycnospores were germinated. Zinc sulfate was inferior 
to copper sulfate as a toxicant, while the results with aluminum sulfate 
were inconclusive. 

Optimum fungus growth on agar occurred at 20° to 24° G., with the 
upper limit 36° C., and very slow growth at 12° C. Growth was not 
influenced by the initial pH value of the medium except at values below 
pH4. In the fertile strain, As^ sporulation was most profuse at pH7. 

The fungus overwintered at Madison, Wis., as dormant mycelium in 
infected cucurbit debris. 

The pycnospores and mycelium were equally infective on cotyledons 
and on young leaves of muskmelon and watermelon. Leaves of cucum- 
ber, Hubbard squash, and Table Queen squash were very resistant. 
Infection of the hypocotyl and the stem of all cucurbits tested occurred 
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only tliongli pimctureS;, tlirougli 'weakened areas, or by extension of 
the lesions on the cotyledon. Cucumber and Hubbard squash were 
resistant to formation' of cankers on the hypocotyl when young, but 
both became very susceptible wken old. The contrary was true for 
Table Queen sqiiash. Under moist conditions cankers developed on 
the stems and hypoctyls of watermelon and niuskmelon throughout 
their growing periods. 

Ten strains of the pathogen secured by single-spore isolations, some 
from untreated and some from irradiated cultures, showed a gradation 
from very high pathogenicity to none when tested on hypocotyls of 
Table Queen squash. 

Penetration of the host tissue was direct or through intercellular 
spaces around the basal cell of the abraded trichome. 

The optimum temperature for infection of watermelon was 24^ C. 
and for infection of muskmelon was 16° to 20° C. The temperature 
after the establishment of the infection was less important tlian the 
relative humidity. 

On severely infected watermelon vines in the field the disease caused 
yellowing and defoliation of the plant, beginning at the center of the 
hill. Other symptoms in the field resembled those produced by 
drought injury. Field experiments revealed that Improved Kleckley 
Sweet watermelon was decidedly more resistant than Hawkesbury. 
Wisconsin Pride muskmelon was equal to Hawdcesbury watermelon in 
susceptibility. Cubit variety of cucumber was much more resistant 
than Stays Green, Chicago Pickling, Parker, Marketer, Long Stays 
Green, and National Pickling. 
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WISCONSIN PEA STUNT, A NEWLY DESCRIBED 

DISEASE" 


By D. J, Hagedorn., assistmit professor of agronomy and plant pathology , and 

J. G. W AZKER, pro fessor of %)la7it pathology, Wisconsin Agricultural Experiment 

Station^ 

INTRODUCTION 

Although the severity of pea virus diseases in Wisconsin varies from 
year to year, they are sometimes the cause of serious reductions in yield. 
These losses are almost always more severe during the last 2 weeks of 
the canning season and may be associated with abundant and active 
aphid populations. 

To determine what pea viruses were prevalent in southern Wisconsin 
in 1946, several fields were examined and isolations attempted from 
peas {Pi8U7n sativum L.) affected with virus disease. One of the iso- 
lations made was from a severely stunted j^lant found in the pea 
nursery at Madison. A considerable number of similarly diseased pea 
plants have been observed in Wisconsin pea fields during the last 
three seasons. In tests made during the summer of 1948, the stunt 
virus was isolated from 11 different pea fields widely scattered over 
the State. This would indicate that the virus to be considered here 
is common in Wisconsin and may be considered a component of tlie 
virus complex that is sometimes troublesome. 

Detailed study of the pea stunt virus isolated in 1946 indicated that 
it was different from any previously reported virus of peas. It is 
ctesignated the Wisconsin pea stunt virus. The purpose of this paper 
is to describe and identify the virus and to submit experimental data 
regarding symptoms, tempex^ature relations, host range, varietal re- 
actions, physical properties, and ti’ansmission. 

METHODS AND MATERIALS 

Throughout most of the greenhouse studies to be described, the 
plants were grown in compost soil in 6-inch earthenware pots at tem- 
peratures of from 20° to 24° C. The Perfected Wales variety of pea 
was used as a culture plant, and for most of the experiments, because 
it was very susceptible to the vii*us. Sevei'al of the less common 
legume seeds used wTre obtained from Eoland McKee of the Uxiited 
Statens Department of Agriculture. 

The best inoculation was obtained when the leaves wei‘e rubbed with 
a pad made by folding cheesecloth around macerated diseased tissue. 

^Received for ixublication Nov. 2, 1948. This investigation was supported in 
part by a grant from the Wisconsin Alumni Research Foundation. 

^ The writers are indebted to Eugene H. Herrling for making the photographs 
used in this manuscript. The senior author expresses appreciation to W. W. 
Hare for helx)ful advice and material aid. 
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Carboriiiidimi powder, sprinkled lightly on the leaves, greatly aided 
infection. The second and third leaves of pea were inoculated when 
they became fully expanded. Other hosts were inoculated similarly 
when they were young. . . 

Physical properties were determined in a manner similar to that 
described by Johnson and Grant except that aging tests were coii- 
diicted at a temperature of about 22° C. (72° F.) instead of 80““9()° F. 

The pea aphids {lUinoia pin (Kalt.)) used for instxddransmissioii 
studies ivere always tested to make sure tliey were free from virus, 
and were maintained either on broadbeans {Vida faha L.) or on peas 
in an aphid-proof wire-mesh cage. Such cages were used for deten- 
tion of insects during the tests conducted. Healthy insects were al- 
lowed to feed on diseased plants for 2 days and then were transferred 
to young healthy plants, usually for a period of 2 days. Six to 14 
aphids were placed on each plant. Insects were confined to the plants 
by means of glass lamp chimneys. In most cases aphids were trans- 
ferred by cutting off the leaf on which they were feeding and renioving 
it to the desired location. At the end of the allotted feeding time on 
healthy plants, the insects were killed by spraying with an aphicide. 

Suitable controls were provided for all experiments conducted. 

EXPERIMENTAL RESULTS 
SYMPTOMS 

The most striking symptoms of the Wisconsin pea stunt disease in 
the field were severe stunting of the plant (fig, 1) and malformation 
of the terminal foliage into a tight rosette of the leaves, stipules, and 
blossoms (fig. 2). Internode lengths were so greatly reduced that 
the stunted vines were often only one-fourth to one-half the height 
of healthy plants. The leaves and stipules of the rosette were reduced 
in size and failed to open properly. They were often wrinkled some- 
what and showed definite vein clearing. Stipules and leaves just 
below the rosette did not open fully and attain normal size. Instead, 
they were wuinkled and folded upward. These leaves also showed 
a conspicuous vein clearing. Middle and lower leaves were slightly 
chlorotic. 

Axillary bud growth was very common and sometimes quil-e j)rof use. 
Very few pods were found on infected plants and those examined 
were poorly filled. In cases where pods were formed, the plant was 
thought to be infected at a later stage as compared with other diseased 
plants. Leaves of the lower and middle stem sometimes showed brown- 
ing of the veins. No mottling was observed. 

The first noticeable symptom of pea stunt on inoculated plants in 
the greenhouse was a yellowing and wilting of the inoculated leaves. 
This symptom occurred in 12 to 16 days after inoculation. Stunting 
of the plant and inward curling of apical leaves were evident about 
the same time. A faint tannish-green discoloration of the stem was 
sometimes detected a little later. Apical leaves and stipules showed 
vein clearing and inward, upward curling of the upper leaves often 
was to be seen. The typical malformation of the apical leaves into a 

® Johnson, J. and Grant, t. J. the properties or plant viruses from 
POTBRENT HOST SPECIES, l^liytopatli. ^ : 741-75T. 1932. 
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Figure 1. — Symptoms of the Wiseonsiii pea stunt virus in the field. The diseased 
plant (left) shows severe stunt, shortened internodes, and Severely rosetted 
apical foliage compared to healthy plant (right). 


tight rosette was noted from 16 to 20 days after inoculation. In many 
cases the height of the plants infected with this virus was only 6 
to 10 inches, when healthy plants were sometimes twice as high, ihiis 
reduction of plant size was due largely to greatly shortened internodes. 
Axillary bud growth was profuse in most instances. Diseased plants 
often died 20 to 26 days after inoculation from wilting which had 
progressed upward. The axillary bud growth occasionally survived 
for some time after the main stem had wilted and died. 

The Wisconsin pea stunt virus on red clover {Trifoliwm pratense 
L.) caused a slight reduction of leaf size and a distinct roughening and 
wrinkling of leaves (fi|;. 3, 5 ) . A very slight mottle also was seen. On 
aLsike clover (7'. hyondvm L.) this virus produced necrotic chlorosis 
of the veins and slight inward curling of the leaflet edges (fig. 3, A). 
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Figuke 3. Symptoms of the Wisconisin pea stunt virus on clover leaves. A 
Diseased alsike clover ; B, diseased red clover ; 0, healthy red clover ; D, dis- 
eased white sweet clover; E, diseased yellow sweet clover; E, healthy yellow 
sweet clover. 
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White sweet clover {MelUotus all) a Desr.) leaves showed striking mo- 
saic symptoms when infected with the stunt virus (fig. 3, D). This 
mosaic resulted from the development of conspicuous clilorotic spots 
along the veins and occasionally between them. Most of these narrow, 
yellowed places were obldiig in shape, had definite, irregular margins, 
and sometimes surrounded a small area of normal green tissue. Vein 
clearing was the characferistic symptom produced when yellow sweet 
clover {M. officmalis (L.) Lam.) was infected with this viims (fig. 
3, E ) . 

RELATION OP TEMPERATURE TO DISEASE DEVELOPMENT 

Low temperature had a temporary masking effect on pea stunt 
symptoms, for wdien pea plants inoculated with the causal virus were 
growm at 16° C. the first symptom did not occur until 33 days after 
inoculation. This was more than twice the time necessary to bring 
forth symptoms at 20°, 24°, and 28°. 

Infectecl plants growing at 16° C. first show^ed moderate vein clear- 
ing and about half of them were malformed slightly at the growing 
tip. Very slight stunting was seen in some of the diseased plants. 
As the disease progressecl, severe vein clearing took place and the 
planis showing apical malformation (some diseased plants showed 
vein clearpig only) developed a more apparent distortion. Moderate 
axillary bud growth was noted. Small tannish-gray discolorations of 
the stem and slight browning at the nodes were also present. Most 
diseased plants were dead 66 days after inoculation. 

At 20° C. typical pea stunt symptoms were seen 15 days after in- 
oculation. Diseased plants showed more apparent stunting and apical 
inalformation than at 16° 0., and few^er and less pronounced necrotic 
stem discolorations. Moderate node browning, axillary bud growth, 
and vein clearing were present. Death of most infected plants had 
occuri'ed 36 days after inoculation. 

When the temperature vStudy was made at 24° C. there was an in- 
cubation period of 12 days. A rather tight rosette of apical leaves 
developed and stunting of the plant was very pronounced. Moderate 
vein clearing and axillary bud growth were noted as well as slight 
browning at the nodes. All diseased plants had died 27 days after 
inoculation, 

Symptoms of pea stunt were apparent 11 days after inoculation 
when plants were grown at 28° C. Very severe plant stunting and'inal- 
formation of apical foliage into a tight rosette were characteristic of 
the disease at this temperature. The plants wilted about 20 days 
afte;r Inoculation and died shortly thereafter. 

The effect of temperature on the apical foliage symptoms is shown 
inffguref. 

HOST RANGE 

Twenty-nine members of the Legurninosae, Solanaceae, and Cucurbi- 
taceae, were tested for susceptibility to the Wisconsin pea stunt virus. 
The plants tested and the results obtained are given in table 1. Inocu- 
lations from the various test plants back to healthy Perfected Wales 
peas were made to check the presence or absence of the virus. When 
the virus was recovered, even though no symptoms were observed on 
the host it was indicated as ^datenti' If symptoms were absent or 
(piestionable and the virus was not recovered, the host was considered 
nonsusceptible, ; . 
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Kgxjbe 4. — The effect of temperature on the apical foliage symptoms produced 
by the Wisconsin pea stunt virus at A, 16® 0. ; B, 20® 0.; V, 24® C, ; D, 28° C. 
E, Healthy plant at 20® 0. Vein clearing is the most conspicuous symptom 
at 16® 0., but as temperature rises the severity of the apical malformation 
increases. 


Tabxje 1. — Host range and symptoms of Wisconsin pea stunt virus 


Host 

Plants 

Inocu- 

lated 

Plants 

diseased 

Typical symptom 


Number 

22 

Number 

4 

Faint mottle. 

X, odoratus 

U 

9 

Apical malformation. 

Lupinus augu&tifoliw H - 

4 

« 0 


4 


: M, satma L : - 

17 

0 


MeUlotus alba Desr 

■ ' 14. 

9 

Definite mottle. 

JVf. officinalis (L.) Lam 

14 

9 

Vein clear in(^. 

Phaseolus vulgaris L 

27 

0 

Pisum sativum 1/ 

31 

23 

Plant stunt. 

P, sativum var. arvense Poir 

8 

i 1 

Apical malformation. 

Sojamax (L.) I^iper 

8 

i 0 

Trifolium hybridum L 

16 

11 

Chlorotic vein necrosis. 

''' w i w . 

20 

16 

Vein clearing. 

Leaf wrinkle, vein clearing. 

T. „ . _ * „ . . ^ . 

40 

29 

T. repens L. (Ladino White Clover) 

10 

0 

T. repens L. (White Clover). 

9 

0 


Trigonetla foenum-graecum L 

10 1 

9 

Vein clearing. 

Vida atropurpurea Desf 

■ .... 18 1 

« 0 

V.faba L. var. major 

13 


V. faba L. var. minor 

8 

0 


V, grandifl ora Bcop 

10 

2 

Faint mottle. 

V. monantha (L.) Desf : 

16 

C) 

2 

V. sativa L,_. . 

6 

Brown stem necrosis. 

T/. villosa Roth- 

11 

0 

Vigna sinensis Endl 

10 

0 


Cucumis sativus L.„ ... 

12 

0 


Batura stramonmm L ... .... . 

29 

0 


Lycopersicon esculentum Mill 

6 

0 


Nicotiana tabacum L 

9 

0 


Solanum tuberosum L 

4 

0 



1 1,/ateiit-no symptoms, but virus recovered. 
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The virus was limited in host range to the leguminous plants tested. 
It was not infectious to the following members of the Solaiiaceae: 
Jimsonweed {Datura stramonium L.) ; tomato {Lyeopersicon escu- 
lentum Mill.) ; tobacco {Nicotiana tabacumvlA,) ;'and {Solanum 

tuberosum L.). Cucumber {Guemnis sativus L.) was also non- 
susceptible. 

Legumes that showed no susceptibility to the stunt virus w^ere: 
Button medic {Medicago orbicularis All.); alfalfa {M. sativa L.) ; 
bean {Phaseolus vulgaris L.) ; soybean {Soja max (L.) Piper) ; white 
clover {Trifolium repens L.) ; broadbean (yicia faoa L.) ; hairy vetch 
( F iciayiUosa^otk, ) ; and cowpea ( Vigna sinensis Endl. ) . One plant 
of ladino wdiite clover {T. repens L.) developed mottle symptoms 
suggesting infection, but no virus was recovered. 

Only three of the 15 hosts susceptible to the virus failed to produce 
symptoms. They were blue lupine {Lupinms angustif oUus L.) , purple 
vetch {Vida atropurpurea Desf.), and monantha vetch (F. monantha 
(L.) Desf.). The other susceptible legume hosts included rough 
peavine {Lathyrm hirsutus L.), sweet pea {L, odoratus L.), white 
sweet clover {Melilotus albaJ)%^Y.)^ yellow sweet clover {M, ofpsiifwdAs 
(L.) Lam.) , field pea {Pisum sativum var. arvense Poir.) , alsike clover 
{Trifolium hybridum L.), crimson clover {incarnatum L.) , red clover 
{J\ pratense L.) fenugreek {TrigonsUa foenum-graecum L.), showy 
vetch {Vida grandifiora Scop.), and spring vetch (F. sativatjA), 

VARIETAL SUSCEPTIBILITY IN PEA AND BEAN 

The varietal reactions of 18 pea varieties to Wisconsin pea stunt 
virus were studied in the greenhouse. Varieties were not considei*ed 
susceptible unless the virus was recovered. The results of two separate 
trials are combined in table 2. All 18 varieties were susceptible to 
this virus and symptoms on all varieties were quite similar. 

Hone of the 11 bean varieties listed in table 2 were infected by this 
virus. Although one plant of the black-seeded Stringless Blue Lake 
variety developed a mottl^an attempt to recover the virus from that 
plant \vas unsuccessful. Otherwise, disease symptoms were not ob- 
served, nor could the pea stunt virus be recovered from any of the 
inoculated bean plants. 


Table 2.-^Varietal reactions of pea ana "bean to the WiSGomin pea stunt virus 


Pea variety 

Plants 

inocu- 

lated 

Plants 

diseased 

Bean variety 

Plants 

inocu- 

lated 

Plants 

diseased 


Number 

Number 


Number 

Ntmber 

Alaska 

29 

2 

Bountiful 

8 

0 

Alderman.,- 

25 

1 

Dwarf Horticultural. - - - 

3 

0 

Bonneville,,.-- 

19 

6 

Great Northern XJ. of I. No. 1, 

3 

0 


19 

9 

Idaho Refugee - 

■ ;3' 

0 


18 

6 

Michelite 

■'5 

0 


21 

4 

Pinto-— - - - 

9 

■ . T' 

Horal ' ----- 

20 

3 

Red Kidney— 

17- 

■ -''0 

Improved Penin— — - — - . - - - 

14 

9 

Sensation Refugee 1066 

■■ "9'"' 

0 

•I^oyalty- 

12 

1', 6 

Stringlcss Blue Lake (Black) .. 

"V' 2 

0 

Merit----. — -—..- 

14 

6 

Stringless Blue Lake (White). 

■..',,8' 

0 

Perfected W ales 

41 

12 

Stringless Green Refugee.-- 



Pride— ------- 

14 

6 




I>rofusion— . . . — - . - ' 

17 

7 




Rtjsistant Famous-. ---------- 

22 

12 




Thomas Laxton 

25 

2 




Wasatch- 

is 

5 




Wisconsin Early Sweet-.. 


, 6 




W isconsin Perfection - - - - 

15 

8 
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PHYSICAL PROFEETIES OF. THE VIRUS 

Diirinu!” ihc* roiirse of this investigation a series of experiiiieiits was 
riiriiuiiiei] tlefcnnine physical, properties of the yras in question. 
The fs lilt nriiig pnqierties were studied ; tolerance to dilution, resistance 
To aifhiir //i thermal inaetiTatiom and longevity in frozen plant 

' Table b* gives the results obtained in the study of these prop- 


Ta,ble ^^.----Phtmieul pnrpcriies of Wiscmisiri pea stunt nmis 


Proif#*rty 

Trlii! 1 

Trial 2 

Trial 3 ' 

] 

Property test 

Trial 1 

Trial 2 


11 

6 

•5 

i 

*1 
“ a 

£ 

.H'g 

_5 

— 

2 i 1 

S ' 

i 

Plants inoc- 
ulated 

Plants dis- 
eased 

Plants inoc- 
ulated 

Plants dis- 
eased 


Xum- 

Xurn- 

Ntrm- 

Xn m- 

iViim- 

i 

r 

Num- 

Num- 

Num- 

Num- 



Imr 

ber 

fj€T 

ber 

ber 1 


ber 

ber 

ber 

ber 

Diiiilicrti; 







1 Heat'.* C.): 





■© ^ 

21 

itl 

n 

n 

9 

3 I 

i ft teontroi) 

21 

11 

9 

3 

Lift.,,' - ' 

11 


*22 

22 

4 

3 1 

1 m' 

19 

8 

5 

1 

1 

1 1! 

' 3 

i 21 ^ 

10 ' 

' h ■ 

f» ! 


22 

4 

7 

2 

: 

1 12 

.1 , 

20 i 

1 S : 

^ 9 1 

1 1 j 

1 68 

21 

0 

9 

0 

l:IfW!0 

i III 

1.1 \ 

20 1 

0 

i 8 

' 1 

1 ftft. 

20 

0 

11 

0 

Li«,rtW 

; 12 

0 i 

m 1 

0 ■ 

10 

1 0 i 

t 62 

22 

0 

7 

0 

A«ing f» rl/ro; 







! 64 

20 

ft 

10 

0 

# 

1 HI 

! 7 

n ; 

i 10 

^ 10 

1 6 ! 

I Freenng in pirn: 





12 flours 

: 4 

2 

: 10 

b 

1 

! S 

i 0 -.- 

11 

10 



24 hours _ 

1 « 

i 1 

13 

i 2 ■ 

10 

I 2 i 

I 5 days 

11 

0 



2 «I«ys 



10 ■ 

1 ft 

i 11 

^ ft 1 

i 10 days 

10 

3 



4«ittyi. - 

t 

! 



! 

i 

1 . ' 

i 1 

1 






^When infective juice containing the Wisc^onsin pea stunt virus was 
diluted an emi point «>f 1 : 10,000 was obtained in the first two trials. 
Homawer, in a third trial, one plant out of eight inoculated with a 
dilution rd 1 : 10,CK"H) develoj^d typical stunt symptoms, indicating 
that this virus is not' alivajs inactivated until a dilution of 1: .100,000 
i.s reaclied, ..." 

All three tests with the stunt virus indicated that this virus was 
capable of rndtlistaiiding aging ia rRro for 24 hours. Five out of 
thirty-one plants were disea^d when inoculated with infective juice 
which had stood for that time. When longer aging periods wei'e tried 
no infection wuis obtained. . ' ' 

In Iwtii thermal •inaetivation tests conducted with this virus it was 
remlered inactive at 58® C. and the indications are that it is inactivated 
tefweeii 56® C. and 58° C. 

Tlie virus tvas still active in plants frozen for a period of 10 days. 

TEAWSMISSION 

Insect transmission tmis were conducted with the pea aphid. In 
mw trial, where infecitive aphids were placed on five healthy plants, 
four of these, plants became discard showing typical Wisconsin pea 
stunt symptoms. The mm%l virus was recovered. Identical results 
were obtiiiiieil wlien a second trial was made. Thus, the pea aphid w^as 
fouiiil to be vector of the Wisconsin pea stunt virus. 

Because diseased plants in the field rarely develop seed, only a small 
seed tniiisiiiissioii test was |K^We, Of ST plants, which grew from 
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seeds harvested from stunted pea plants, all failed to develop virus 
symptoms under optimum greenhouse conditions. 

DIS^CUSSION 

Information presented here on the Wisconsin pea stunt virus is 
believed sufficient to substantiate its* identification as a new pea virus. 
Ill the following paragraphs, a conix>arison of this virus is made with 
some other pea viruses that resemble it most closely. 

The only virus previously reported as a iiea stunt virus was described 
by Zaiimeyer ^ in 1940. He called the disease “j)ea stunt mosaic” and 
the causal virus “jiea mosaic virus 5.” When Wisconsin pea stunt 
virus is comj)ared with it, one finds that differences exist in symptoms, 
thermal death point, pea varietal reaction, and host range. The pea- 
mosaic virus 5 jirodiiced a mottle on jiea leaves, but this symptom 
was never observed on plants diseased with Wisconsin pea stunt. The 
thermal death point of the former was 62^ C., but the pea stunt virus 
described here was inactivated at 58° C. Zaumeyer’s virus did not 
infect Horal, Wisconsin Early Sweet, or Perfection Peas, but they 
were all susceptible to the Wisconsin stunt virus. Bean and alfalfa 
were hosts of pea mosaic virus 5 but it did not infect red clover. An 
opxiosite reaction on these hosts was found wdth the Wisconsin stunt 
virus. 

Of the other known x)ea viruses, those which most resemble the Wis- 
consin jDea-stunt virus are grouiied by Weiss ® in the pea common 
mosaic-virus group. This virus group, however, has a dilution end 
point of 1 : 1,500 comx)ared to 1 : 100,000, and is thermally inactivated 
between 60° and 64° C. This is in contrast to the Wisconsin stunt virus, 
which is inactivated at 58° C. Foliage mottle is produced on j^eas by 
members of the common mosaic-virus group but not by the j)ea stunt 
virus. Premature death does not ordinarily occur in plants artificially 
infected with the common mosaic virus, but those inoculated with the 
Wisconsin stunt virus always died before pods were formed. Viruses 
in the pea common mosaic-virus group were infectious to broadbean, 
but this was not true of the Wisconsin pea stunt virus. 

The Wisconsin pea stunt virus differs from Weiss’^ pea eiiation 
mosaic-virus group in the following ways : (1) no enations on leaves 
or pods are j)roduced by the X3ea-stimt virus; (2) broadbean and soy- 
bean are susceptible, red clover nonsusceptible to the enation viruses, 
but the opposite is true of the Wisconsin pea stunt virus; (3) the pea 
stunt virus had a higher tolerance to dilution and a shorter period of 
activity m 

The pea wilt virus described by Johnson ® in 1942 could possibly be 
mistaken for the Wisconsin pea stunt virus. However, it is different 
from the stunt virus in several aspects, being infectious to white clover, 
bean, broadbean, and cowpea. This host reaction is the opposite of 

^Zaumeyp:r, W. J. three previosly unbescribed viruses of pea. Jour. Agr. 
Res. GO : 483-452, mils. 1940. 

® Weiss, Freeman, viruses described pbimariuy on i.eouminous vegetable and 
FORAGE CROPS. tJ. S. Dept. Agr., Bur. Plant Indus. Plant Disease Eeptr. Sup. 154 : 
51-53. 1945. (Mimeographed.) 

® Johnson, Folke. the complex nature of white clover mosaic. Phytopath. 
32:103-116. 1942. 
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iLe hi^>t ri^jirtinii of Wiscoiisi.n pea stunt virus. symptoms are 
pH«!ii«‘eil ill al-ike dover by tlie pea wilt virus but the pea stunt virus 
iierroiic* reiiial necrosis on leaver? of that host. The former 
vini- is Ilf a iransiiiitted by the pea aphid, but that insect is a ready 
Ycttor of I lie latter. The pea wilt virus is infectious after aging in 
dtffj for :U cliii's and tlie Wisconsin pea stunt virus after aging 1 day. 

SUMMARY. 

All appai'ently new pea virus, the Wisconsin pea stunt virus, is 
described. If represents the causal agent of a prevalent virus disease 
of peas found in soiitlierii Wisconsin during recent years. 

Sjmptoiii descriptions on important hosts are given. On peas, main 
s'voiptoiiis are severe plant stunt, rosette of the apical foliage, and pre- 
mat lire death. 

Low temperature had a masking eifect on Wisconsin pea stunt 
symptoms. Severity of the apical deformation caused by the pea 
stunt virus iiici'easeci with rise in temperature. 

The virus was limite<l in host range to the Leguminosae. 

All ^18 peapuii’ieties tested w^ere infected but none of the 11 bean 
varieties studied w^ere found to be susceptible. 

The Wisconsin pea stunt virus had a dilution end point of 1 : 100,000,. 
a resistance to aging in ritro of 24 to 48 110111 * 8 , and was thermally 
iinictivated at f56® to 58° C. It was still virulent after 10 days’ freezing. 

The pea aphid {Illimia fki (Kalt.)) was found to be a vector of 
the virus. 



PROCEDURES THAT REDUCE DARKENING OF 
COOKED POTATOES' 2 

By Ferne Bowman, research assistant and Flora Hanning, professor of Home 
EconortiicSy Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Blackening of potatoes after cooking is unsightly and markedly 
affects their market value and consumer acceptance. Ultimately, any 
appraisal of a food must be based on the characteristics consumers 
prefer (5).^ Several studies of American consumers^ preferences tabu- 
late the cooking qualities in potatoes considered most desirable. In 
1,032 home interviews in the cities of Cleveland and Rochester (S), 
mealiness was the quality mentioned by more than three-fourths of 
the homemakers; whiteness was next in preference. The most com- 
mon complaint of 880 retailers was the tendency of some potatoes to 
cook black. In a consumer study of 1,653 individuals in New Hamp- 
shire, Rinear {16) found that 71 percent stressed mealiness and 14.1 
percent stressed white appearance as the cooking quality most desh- 
able for potatoes. Spangler {19) reported that of 1,165 Chicago 
retailers, 25 percent listed a tendency to cook black as either the first 
or the second objectionable cooking defect of potatoes. In a survey 
of potato preferences among 1,203 household consumers by the Bureau 
of Agricultural Economics {27) , 16 percent mentioned '^cooked black^^ 
as a frequent defect. 

Blackening after cooking is a common fault in potatoes grown in 
certain northern areas. This discoloration does not appear before 
and during cooking but develops gradually upon exposure of the 
potatoes to air after cooking, thus reducing their desirability for home 
and institutional use. The discoloration most often appears first at 
the stem-end as a gray or blue-gray color. The area may extend 
over much of the surface and through the vasciilar regions and even 
into the interior of the tuber or it may be quite localized. The color 
varies from a pale blue-gray to a very dark or even black discoloration. 
If discoloration takes place, it is more intense if the potatoes are 
steamed or if they are boiled before peeling. 

^ Appreciation is expressed for the cooperation of Dr. H. M. Darling, of the 
Department of Plant Pathology, and Dr. G. H. Rieman of the Genetics Depart- 
ment, who supplied the potatoes used in this study, and to Dr. J. K. Arnold of the 
Mathematics Department, who made the statistical analysis. 

2 Published with the approval of the Associate Director of the Wiscohsin 
Agricultural Experiment Station. 

^Italic numbers in parentheses refer to Literature Cited, p. 635. 
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A !i]iraln‘r uf investi.Eriiitors have suceessfiillv reduced the extent and 
of d*Heo!oratioB in boiled potatoes bj^ adding certain acids to 
Ale rnok^pg wafer. Tinkler iM) found that if potatoes which w^ere 
siisrrptihle' to lilaekeiiing were steamed wdth aniiiioniiim carbonate 
vap ilarkc ning was intensified but that potatoes cooked in rrater 
containing a little acetic acid iv-ere usually better than those cooked 
in ui]> water. Gleason and Alariattifi) used .1 part vinegar to SO 
pari?^ of water, wliirdi lessened darkening but prevented the potatoes 
fr«iii f*ookiiig t eiiiler. Hansen (7) cooked potatoes in. acidified waters, 
and altlioiigli the (‘olor improved, the tubers were not tender. ^ Nutting 
anil Pfiiiid fl4) boilc^d potatoes in waters to which eitheiycitric acid, 
lemon jiiie.e, or vinegar was added. If the acid w^as sufficient to give 
iiii» walc*r a pH value of 4.1 or less before cooking, and not more than 
4.9 after cochiiig, the temlency to blacken decreased or was ■ even 
prevented. Potatoes <*ooked in waters with such low" p,H levels were 
licit palatable because tougb layers formed on, the outside. Darken- 
ing W'as liiichaiiged or sligbtlv mte.nsified by the use of cooking waters 
pH S.4 to 10. 

Smith, Nash, and Dittman (^0) found that the correlation betw^een 
hydrogen-ion concentration in tuber tissues and the . .nature ' and 
e.xteiit of darkening after cooking was high. If potatoes were cooked 
in dilute solutions of hydrochloric acid and- sodium dihydrogen phos- 
phate, pH 4,5, they did not turn dark. Similar potatoes boiled in a 
disodiiim phosphate solution, pH 9.6, discolored extensively. Smith 
and Kelly {21 } blanched potatoes prior to dehydration in various 
acid solutions to reduce greying. These wrorkers tested acetic, citric, 
lactic, orthopliosphoric, dihydrogen phosphate, and sulphurous acids 
and recommended orlhophosphoric acid because it was easy to handle, 
harmli:>8s, and cheap. 

Thus, ^ there w^as ample evidence that adding acids to the water 
when boiling potatoes having a tendency to darken caused color im- 
provement. Hom^ever, none of the investigators recommended this 
pro(‘ediire because potatoes thus prepared did not cook tender. In 
preliminary tests comparing recommended cooking methods (acid 
treatment, soaking in wmter, cooking in milk) acid w^as showm to be 
by far the most effective in improving the appearance of potatoes 
that discolored. 

This study was undertaken {!) to observe the color, after boiling, 
of vHrieties of potatoes commonly grown in Wisconsin and of some 
newer varielies after various intervals of storage, and (^) to determine 
the effect of various acid treatments on color, flavor, and texture of 
cooked potatoes, 

PROCEDURE 

SEyicnoN OF varieties 

The ten varieties chosen for preliminary comparisons included 
those which Ekmmn,^Tott-iiigham, and McFarlane {15) and Totting- 
tiain et a!. {X|) classified as imving a considerable tendency to blacken 
as iveE^ as some of those that seldom darken. These workers reported 
that Chippewa, Triumph, or Seba^ potatoes rarely cook black 
regardless of growing a]mdiiioiis, but that Rural New Yorkers and 
Irish Cobbler often do 'COok Mack. Of the samples examined these 
varieties in 1945 rated for eolor m feiiows: 
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Good 

Chippewa 

Sebago 

Triumph 


Fair 

Irish Cobbler 
Eed Warba 
Eiisset Rural 
White Rural 


Poor 

Erie 

Katahdin 

Menomonie 


ENVIRONMENTAL CONTROL 


To reduce possible differences in the blackening reaction that might 
be the result of soil or weather conditions, all potatoes used in any 
comparative tests were grown in the same experiment station fields. 
Several investigators have observed that environmental factors influ- 
ence blackening in potatoes. They are: Tottingham, Nagy, and 
Ross (£S)j Cowie (4), Nash (ll)y Nash and Smith (i^), Robinson 
(17), Smith, Nash, and Dittman (^0), Rieman, Tottingham, and Mc- 
Farlane (IS), Tottingham et ah (^4), 'Wager (^5) (M), Bandemer, 
Schaible, and Wheeler (f). 

All potatoes were graded and stored in the cold room of the horti- 
culture department at the Wisconsin station at 38°~42° F. Samples 
were removed from storage at regular intervals and held at room 
tempei^ature 10 to 14 days before the cooking tests. 


SAMPLING 


Previous observations disclosed that darkening in a given variety 
varies considerably from tuber to tuber. To obtain potatoes that 
were representative of each variety and as nearly identical as possi- 
ble, sampling was carefully controlled. For each cooking test, tubers 
were selected for their uniformity in size and freedom from defects 
and injuries. Six to 10 tubers were used in most of the observations. 
Potatoes were cut in equal segments (halves, quarters, or sixths, 
depending upon the number of tests in a series). For each series, 
potato segments were distributed in a regular sequence to secure 
samples that were comparable. 

COOKING AND EVALUATING 

In a single series all samples were boiled in identical saucepans for 
the same length of time. After draining, the potatoes were exposed 
to the air 1 hour at room temperature to permit maximum develop- 
ment of color before color ratings were made. The pH value of the 
cooking water was determined at the end of the cooking period using 
a Beckman pH meter with a glass electrode. 

Each series of cooked potatoes was scored subjectively for color, 
texture, and flavor by two to five judges. In addition, a judging 
panel of about 20 faculty members and students in advanced foods 
courses evaluated boiled and mashed potatoes treated Tvith cream of 
tartar. This was repeated three times in order to check the conciu- 
sions of the smaller group. 

Since there was a decrease in graying of the potatoes when cream of 
tartar was used, it may have influenced the flavor scores. A con- 
sumer preference test (279 individuals) was conducted in an effort to 
evaluate flavor with a minimum bias. Potatoes that did not discolor 
were cooked, mashed, and seasoned and then divided into two por- 
tions. One served as the control; cream of tartar was added to the 
other portion in the proportion of one-fourth teaspoon per pound of 
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puui lilts. Color differeiiees between samples tliiis treated 
wer< too to ho pereeptible. Consumers were served two sam- 

plis dml asked to cficTk their iavor preference. 


RES'ULTS 


Inflitence of fh on Color Scores 

Tlio effecis of different acid treatments on pH values of the cooking 
water and tin* «“orrespoiiding color ratings for boiled potatoes are shown 
in fai)k‘ 1. Ascorbic, citric, and tartaric acids, calcium diphosphate 
Cal-fii 1^04)2 ®tnd cream of tartar were effective in reducing blackening, 
if the of acid was sufficient to lower the hydrogen-ion con- 

centration of the cooking water to pH 5 or less. This confirms the 
ti!idi!igs of Nutting and Pfund (14). As pH values for the cooking 
water decreased, nimierical scores for color of boiled potatoes usually 
iticn^ased. Wlnm potatoes were poor and darkened severely, as in 
the 1946 crop, smaller amounts of acid did not always produce good 

Table !.■ — Influence of pH upon color of boiled potatoes 


Yi*r ami 
series 

Varwtj’ 

Kind of cooking water or of solution 

pH 

Color 
score ^ 

IWS: 





' .... 

Eri«‘ 


6.3 

5.5 



Eri»»... 

Aseorbleaeki solution (e.l pE?rcent).- 

5.3 

6.5 







Erie . ... .. 

Distil W water 

6.3 

5.0 

lb 

Erie 

.Ascorbic acid solution 10.2 fjereent). 

4. 5 

7.5 

% .... .. 

Katabdte 

Distilled water ! 

6.6 

6.5 


KEt&Mtn. 

AsetHrbie acid lO.C® jjercsenl} solulfon. 

5.4 

6.5 

■■ 2 ^., 

Kata W to 

Asi?orbie acM solution (0.16 percent) 

4.9 

is 

%h 

Katalidiji 

Dlstiiled water 

6.6 

5.5 

g'b 

TKTfliAbi! in 

Ascorbic acid solution (0.16 perct^nt) . 

4.9 

8.8 


Meiwiiifliii? 

Dist iifed water ! J 

6.3 

5.5 



3ft... 

Mfnoiacfiii* 

Ascorbic acid solution (0.16 percent). 

4.8 

8.0 

8b 

MWMiBiO’nie 

Distilled water - 1 

6.0 

7.0 

lb 


Ascorbic acid solution (O.i percent) 

5.3 

7.5 

3t> 



Mwicmoafc 

Ascot Me acid solution (0.16 percent) : 

4.7 

8.0 



Dfetilled water ! J- 

6. 1 

5.0 



3c 

Mffi0iiionle‘ 

Ascwfeic acid solutlou, (0.2 percent) ^ 

4.7 

8.0 

1 

Bttl Warl» 

DstHied water * J 

6.0 

7-0 

4 


Ascorbic add solut too (0.2 percent) 

4.8 

8. 5 

& 

Russet Raia! 

DfelEled water. ... - " 

6 4 

6.0 



Riisset Ruml 

AsMcbicacid solution (0.2 percent) 

4. 4 

9.0 

2 : 

; Kif-atMilii 

DfetHfei water. .....i 

6.6 

5.5 

2.. ' 

EstaiidiB, ’ 

Calcltira bipbospliate elution (0.16 percent) 

4.5 

7.5 



CsH.4(F0.4)#, 

SK.., 

Biiral.... 

DMilW water 

6.4 

6 5 

5%...,., 

R usset Haral .... 

Calcium bipbospbate solution (0 16 percent) 

5.3 

: 7.5 

[ 



CaHiCFOds. 

Sb 

Russet Rural 

Citric acid solutk® iQJ2 perwnt) 

4.2 

9.0 

IMiC 





X... 

Cobbfers ' 

' Fapwat^ — - 

8.6 

5. 0 



Cobbfeis 

Tap walijk plus 6.2 percent cream of tartar _ . _ 

4.9 

1 6.0 

L... ....... 

Cobblers 

Tap 'Water plus 0.4 percent cream of tartar _ 

4. 4 

6.0 

2. 

Kat&hife ’ 

Tapwate. .... .... . ... 

8.8 

7.0 


KataMin., 

Tap water plt^ 6.2 pea"oent cream of tartar 

4.6 

8.0 

2... 

KilaMla..,..,.; 

Tap water 0.4 percent erw^m of tartar 

' 4.0 

9. 0 

a., ■ 

Mf OOTtiWl . . . , . i 

: Tap Water.. .... . ■ . 

9.0 

5 . 0 

a,,.....,.... 


Tap water plus 6.2 percent cream of tartar . . .... . 

4.' 6 

8.0 

X. ....'1 

i 

Tap water pittst 0.4 percent cream of tartar _ 

4; 4 

6. 0 


Pouflae,- 

! Tapwmte ........ . . . ' 

8*. 1 

6.0 

4 

1 Fostltt--., 

i Tap W&lir p&iss 0.2 pemumt cream of tafTflc 

4.6 

9 0 

1.. 

1 Pbuilae. 

Tap W&tw ptois 6.4 pftrfiwrif cream of tartar 

LI 

6‘0 

mit 

1 


L.,.. 


DIstllW water..—.. . 

6,4 

6.5 

!.. 

I Rawt^t Btiia! 

Cwfeim M tartar asluEtlmi (M^) . 

4.0 

8. 5 

1 


Tarterte add sahitten IM^)_ 

£ 1 

9.0 


[ EBigfi RiimL... 

Miim lartmte solatten (M/3») 

7.4 

7.0 


J Maximona f« mmt desimLfe cstar. 
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color. When larger amounts of cream of tartar, 0.4 percent were 
added, a deeper yellow color developed which was considered unde- 
sirable by the judges. 

The regression equation for color score {y) as a function of pH for all 
data, regardless of variety was found to be: 

^=10.4— 0.62 pH 

The regression was found to be statistically significant (^=5.45, 39 
degrees of freedom). There is one chance in 100 that the value of t 
calculated from a set of data of this size would be greater than 2.71 
if there were no true regression. 

Effects of Cream of Tartar Treatment on Color and Texture of Boiled 

Potatoes 

The quantity of cream of tartar and the time at which it was added 
markedly influenced the desirability of the potatoes, as shown in 
table 2. Texture scores were high if no cream of tartar was employed 
but color scores were low. If 1 gram cream of tartar was added at 
the beginning of the cooking period, as illustrated in table by the 
Katahdin variety of series 2, color ratings were good but textures 
were poor. If the same quantity of cream of tartar was added to the 
cooking water after potatoes had boiled 25 minutes, the acid was not 
detrimental to texture but this treatment was inadequate to improve 
color. If potatoes were boiled 20 minutes before the addition of 
cream of tartar, the ratings for texture were good, but color scores 
were fair. As the results using four different varieties show, potatoes 
boiled 15 minutes before the addition of cream of tartar had good 
texture and good color. Increasing the quantity of cream of tartar 
to IK grams or to 2 grams usually resulted in better color scores if 


Table 2. — Effect of cream of tartar treatment on color and texture of boiled potatoes 


Series No. 

Variety 

Cream of 
tartar 
added 

Cooking 
time 1 
before 
adding 
cream of 
tartar 

Color 
score 2 

Texture 
S(X)re * 

1 , 

Erie ■ 

Grams 

None 

Minutes 

6.5 

9. 5 

2':, 

Katahdin 

None 


4.5 

9,0 

3 

Menomonie 

None 


6.5 

.8.5 

4. 

.....do 

None 


6.6 

9. 0 

5 ^ 

do - 

None 


6. 0 

6,0 

6._ 

Pawnee 

None 


6. 0 

"8.5.'' 

2 

Katahdin ! 

3 1.0 

0 

8.0 

€.5 

2 ... 

.....do 

1.0 

25 

6. 5 

9. 0 

1 ' 

Erie— 

1.0 

20 

8.0 

9.5 

7,.... ■ 

.....do..— .J 

1.0 

20 

8.0 

9.0 

5...... 

Menomonie 

1.0 

20 

7.0 

8.0 

1. 

Erie. ..i 

1.0 

15 

9.5 

8. 5 

2 

Katahdin . 

1. 0 

15 

7.5' 

8. 5 

3.. 

Menomonie. 

1.0 

15 

9.0 

8. 0 

4. ■ 

do- 

1.0 

15 

8.5 

8.0 

5......... ........ .... 

Pawnee 

1.0 

15 

8.0 

8.0 

'3,... ...' ■ .. ■■■'u- ^ 

Menomonie 

1. 5 

15 

9.6 

8. 5 

4. - 


1.5 

16 

9.5 

8. 5 

3... ...... ....... ... ......... 

__...d0'. ' 

2.0 

15 

10.0 

7 0 

4.. 

do.... 

2. 0 

15 

10.0 

7.0 

5-. 

do 

2.0 

25 

8.0 

8.0 




1 Total cooking time, 30 minutes. 

2 Maximum score for most desirable color or texture is 10. 

® 1 gram of cream of tartar to 600 ml. of water equals 0.2 percent. 
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pniutiW9 hill! li imirked teiKleiicy. to darken, but the detrimental 
iBiIiiefid' Ilf aril! ii|khi texture was greato^ 

ila'ifogriiplH Ilf Pontiae potatoes (plate;!) show the regions most 
by biat*ke!ung as well as the contrast between treated and 
liiiireaiei! 'sections, coniparaMe in . every detail. 

Effects of Ceeam of Taktar on Flavor 

Potli tiie ratings by a small group of judges of flavor and scorings 
fo!* t*o!or by a panel of 20 make it dear that adding cream of tartar 
to the cooking water reduced discoloration of potatoes, and dn- 
crcasec! Ific color score. Flavor is the next question that must be 
ctiiisidereiL Tiy^ distribution bai*s (fig. 1) show the range for color 
and flavor si/oiis of boiled potatoes both with and without cream of 
lari a r trea t irieii f . Mean values were: 

Colm Flamr 

(.oritrciJ;^...,.,,. 5. 2 7. 9 

Treated. . 6 . 9 7 . 6 


COLOR 

■1 CONTROL E^CH 

1.— DistrifiUtfoBS of M aail 70 eolor 

with and witiiout ereaai of tart»* 




Pieces of Pontiac potatoes. Left, treated and white; right, untreated and dark- 
ened. A~D^ matching faces of transverse and adjacent stem-end slices. 
A and C, cooked in water plus cream of tartar, pH 4.2; B and !>, cooked in 
water of pH 8.5. E and F, matching halves cut longitudinally. boiled in 
water plus cream of tartar, pH 4.6; F, boiled in water of pH 8.6. 
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Figure 1 shows that the distributions for scores on flavor of boiled 
potatoes were similar except for the greater frequency of 8 for both 
the control and the treated samples. The distributions for color 
scores reached a maximum of 5 for the control and 7 for the treated 
samples. 

The results for color and flavor judging for mashed potatoes are 
given in figure 2. The distribution shows that color scores were 
definitely higher in potatoes which had cream of tartar added when 
mashing. Flavor evaluations varied widely, but the mean value for 
mashed potatoes to which cream of tartar was added was low. The 
means were: 


Color Flavor 

Controls 7.1 8,2 

Treated- — 9.4 6.2 


These results indicated that cream of tartar improved the color of 
mashed potatoes but for a number of the judges flavor was impaired. 




CONTROL 


COLOR 


CREAM OF TARTAR 


Figure 2. — Distribution of 35 flavor and color scores of mashed potatoes, with and 

without cream of tartar. 
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Xu >ith or ^ea^oniiiirr^ liacl been used, in either case. Because there 
siirh Si, wide range in. the flavor scores and the color gave a clue to 
lYeiilTfmit, I lie «|iiestioii of flavor was investigated flirt her. 

Ill the coiisiinier preference study on seasoned inasheel potatoes 
achlilioiiai kifonaatioii was.seciii*ed concerning the effects of cream of 
tartar on ilavm** The results and the statistical analysis follow: 

Nmnberpreferrmgsam- 

TunVl of iirdividnals: mmhefpTefeTrmgermm pie ■ wltiimi cream oj 

af tartuT mmple: iartar: 

279 . 161 118 

ut .5 ixTcciit Ifvei for 1 d. f.=3,Sll; at l-jiercent leve! = 6.635, 

Tiics(> data sliovv that the preferences differ significantly from an 
e.xpeeted ratio of oOtod and approach the value at the l-percent level. 

Figiu'c 2 sliows that the greatest frequency of the distributions for 
scores on Ihivor of mashed potatoes were, for the controls, at 10, 9, 
and 8, and for the treated samples, at 8, 7, and 5. Similarly for color 
s(H)rcs it was at 8 and 7 for the controls and 10 and 9 for the treated 
samples. 

DISCUSSION 

The favorable idfect of acetic, ascorbic, citric, hydrochloric, and 
tartaric acids, as well as lemon juice, calcium diphosphate, and potas- 
sium tartrate was e.xerted on the pH only. This was demonstrated 
by the fact that when each acid medium was rendered alkaline, 
darkening diivelopetl. The factor or factors responsible for discolora- 
tion thus behaved reversibly with change in hydrogen-ion concen- 
tration. 

That darkening has some relationship to tyrosinase or some labile 
sutetance activated by tyrosinase was indicated by Clagett and 
Tottinghani (3), Hansen (7), Nagy and Tottingham (10), and Totting- 
ham, Nagy, and Ross (33). It has been reported that certain com- 
pounds, among them boric acid and benzoic acid, combine with 
catechol or other phenolic compounds to interrupt the catalytic 
activity of pure tyrosinase (Behm and Nelson (£), Ludwig and Nelson 
(.9) and Nelson and Dawson (IS)). In this connection the results at 
the Wisconsin station with these two acids in native potato tissue are 
interesting. Boric acid or benzoic acid in the cooking water had a 
marked inhibitory effect on the development of blackening of boiled 
potatoes. In contrast to the other acids tested, this effect was not 
revereible with changes in hydrogen-ion concentration. 

Although treatments with' several acids reduced the extent of dis- 
coloration in cooked potatoes with a tendency to darken, few of the 
treatments w'ere suitable for culinaiy purp<«es. Cream of tartar has 
ctTtaiu distinct advantages in this respect. It is available, harmless 
inexpensive, and reasonably effective. Not only does the action of 
cream of tartar compare favorably with other acids, but it is easy to 
measure. For boiled potatoes, the proportion of one-fourth tea- 
spoonful of cream of tartar for each pmt of water added when potatoes 
are half cooked, is best whp all palatability factors, such as color, 
flavor, and texture are considered. For mashed potatoes, one-fourth 
teaspoonsful of cream of tarto per pound of peeled potatoes may be 
added at the time of mashing with . sudk other seasonings as salt, 
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Biilkj and butter. The favorable effect upon color is thus obtained 
without any detrimental influence of acid upon texture and ease in 
mashing. 

SUMMARY AND CONCLUSIONS 

This study of the effect of acids upon color of potatoes susceptible 
to darkening confirms the wmrk of others that there is a direct and 
reversible relationship between hydrogen-ion concentration and 
degree of darkening. 

For two acids, boric and benzoic, some additional factor is probably 
inyolved since their effect could not be reversed by simply changing 
hydrogen-ion concentration. 

Food tasting panels were employed to determine the practical 
application and consumer acceptability of potatoes treated with cream 
of tartar. Color scores for potatoes that normally cooked dark were 
significantly higher when the cream of tartar treatment was used than 
it was in untreated samples. The undesirable effect of acid upon 
texture of potatoes was reduced if the cream of tartar was added at 
the mid-point of cooking for boiled potatoes, or at the time of mash- 
ing. Flavor acceptability tests in which 279 individuals participated 
showed that a statistically significant number preferred the flavor 
of mashed potatoes to which cream of tartar had been added with 
the other seasonings such as salt, butter, and milk. 
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THE OCCURRENCE OF HYPODERMA LARVAE IN THE 
SPINAL CANAL OF CATTLE V 

By Waeren 0. Habebman, instructor of veterinary science and economic ento- 
mology, Banner Bill Morgan, associate professor of veterinary science^ and 

Robert J. Dicke, assistant professor of economic entomology^ Wisconsin 

Agricultural Experiment Station 

INTRODUCTION 

Little is known of the migratory route of Hypoderma horns (li.) 
larvae in cattle. The absence of larval traces from the point of skin 
penetration to the various positions from which the larvae have been 
recovered has made this problem difficult. The occurrence of Hypo- 
derma larvae in the spinal canal of cattle has been recorded on numer- 
ous occasions since its discovery by Hinrichsen (4) in 1888 in Germany. 
However^ few observations have been made in North America. The 
purpose of this paper is to present our observations on Hypoderma 
larvae in the spinal canal of cattle killed in Wisconsin. 

Prior to the work of Laake {13) on the diifferentiation of Hypoderma 
lineatum (Villers) and H. horns, investigators were uncertain about the 
identity of the first-stage larvae. As suggested by Bishopp et al. (i), 
many of the previous reports dealing with the occurrence of H, horns 
in the esophageal region must be considered in error. Consequently, 
the identity of larvae in the spinal canal mentioned in reports prior 
to 1921 is questionable. 

Hinrichsen {4, 5, 6) apparently found the first stage larvae of 
Hypoderma horns in the spinal canal. He reported finding up to 
20 larvae in a single animal. Of 25 animals examined, 40 percent had 
larvae in the spinal canal. A later examination of 14 animals revealed 
that 28 percent were infested. The larvae appeared to be numerous 
between December and March. Horne (7), unaware of Hinrichsen^s 
earlier work, encountered, in the spinal canal of Norwegian cattle, 
Hypoderma larvae which he assumed to be H, bovis. Ruser (7, 8) in 
Germany reported the presence of as many as 20 larvae in the spinal 
canal of 1 animal. Schneidemuhl (jSO) frequently discovered larvae 
in the epidural fatty tissue between February and April. Koorevaar 
(10, 11) in Holland also recorded Hypoderma larvae in the spinal canal 
of cattle ; in 1 young animal 57 larvae were collected. In experimental 
transplantation of 26 larvae in a dog, 2 larvae were recovered 14 days 
later from the spinal canal. Koch (9) in 1903 observed larvae in the 
spinal canal of cattle between the months of December to March in 
Denmark; similar results were obtained by Jost (8) in Germany. 
Peter {15) working in Germany concluded that the number of larvae 
in the spinal canal was usually small, but in the case of 1 bull 62 
larvae were observed. 

The 30 larvae collected by Bishopp et al. {!) from the spinal canal 
of New York cattle where both species are present, were identified as 

^ Received for publication February 17, 1949. Published with the approval 
of the Director of the Wisconsin Agricultural Experiment Station. Projects 
No. 596, Economic parasites of livestock; and No. 633, Entomological problems 
affecting dairying, including insect pests or both dairy animals and dairy produce. 
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hiris, wiiile mlj a single specimen, was found in Texas 
iniitls only IL luitatum occurs.' Mote (.4) in OMo reported 

i; II horls luivac in the spinal canal of a cow. In France, Popesco- 
Banoi found 15 larvae in the spinal canal of an 8-to-lO-niontli-old 
rftif Sfliiiiid (Jfl) reported that 4 of 68 animals in Germany 
infested. The following year 10 larvae -were located in the spinal 
canal of a bull Soni 01) recorded the occiiiTence of larval H, 
liifHiium ill the spinal canal of cattle .in India. Gebauer (S), wmrkiiig 
in (sermaiiy, reporteil fiiuling larval traces .in the epiiieural connective 
tissue of 2'ca!ves. Tliree H, boms larvae were foiiiid associated with 
tiie characteristic greenish extraneous material p,resent along the 
iiervi‘ trunks from the foot to the spinal canal. The more than 20 
larvae removed from the spinal canals were H. boms. The most 
(“oniprclieiisive work to date was done by Eichler (f) in 1941 in Ger- 
many. All the larvae identified of the iSQeollected from the spinal 
canal were IL hods. He also identified as H. boiris 11 of 36 larvae, 
which were collected by Staaek in 1938. Kurtp.inar- {12)^ working 
in Turkey, where only H. bmis is found, frequently observed the 
larvae i,n tlie canalis vertcbralis.^ 


MATERIALS AND METHODS 


The fatty connective tissue which lies between the periosteiim and 
dura mater in the spinal canal w^as removed from cattle slaughtered 
at a local abattoir and taken- to the laboratory for examination. 
Material was collected on the cattle-killii^ floor; facilities were made 
available through the courtesy of the, Oscar Mayer Packing Co., 

Table I.- Summary o/ of Hypoderma larvae from the spinal ca^nals 
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Madison, Wis. Samples of tissue from each spinal canal were macer- 
ated with forceps and examined closely for the presence of larvae. 
These were examined microscopically either as living or in the pre- 
served state. 

Identifications were based on differences in the cephalopharyngeal 
skeleton of the first stage larvae (13), The results of this investiga- 
tion are shown in table 1. 

RESULTS 

Of 982 larvae removed from 293 infested spinal canals, 975 were 
identified as Hypoderma hovis and 7 as li, lineatum. The maximum 
number of larvae removed from a single infected spinal canal was 21. 
The length of the larvae ranged from 5.0 to 17.0 mm., and a progres- 
sive increase in the average length was noted from September (7.5 
mm.) to May (15.6 mm.). 

Both species of the warble fly, Hypoderma boms and H. lineatum^ 
were present in this area (Wisconsin), but H. bovis was found to be 
the most abundant. However, this work included examinations of 
animals from other areas where H. lineaium is more prevalent. 

An examination of a comparable group of animals during the same 
period indicated a prevalence of Hypoderma larvae in the esophageal 
region. Of 982 larvae removed from infested esophagi, 981 were 
H. Uneatn/m and only 1 was H. boms, 

SUMMARY 

Our observations on the occurrence of Hypoderma bovis in the spinal 
canal of cattle indicated a distinct difference in the migration route 
followed by the larvae of the two species. Only the larvae of H. bovis 
occurred regularly in the spinal canal whereas those of H, lineaium 
were rarely found in the spinal canal. On the other hand, only 
H, lineatum occurred regularly in the esophageal region. The increase 
in the average length of the larvae and in the number collected 
between September and June indicated that the larvae gradually 
accumulate in this region prior to appearing in the subdermal regions 
of the back. This occurrence corresponds with the well-known 
accumulation of H. lineatum larvae in the submucosa of the esophagus. 
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TOXICITY STUDIES OF DDT-SABADILLA MIXTURES 
WITH EVIDENCE OF SYNERGISTIC ACTION' 

By J. T. MebleEj assistant professor j and H. E. Thompson, research assistant ^ 

in agronomy and econotnic entomology, Wisconsin Agricultural Experiment 

Station 

INTRODUCTION 

Experiments, made in Wisconsin during the summer of 1946 with 
insecticides for the control of insects affecting alfalfa seed production 
and published by Medler and Scholl,^ showed that a dust mixture of 
2.5 percent DDT and h percent sabadilla (lime-activated) gave higher 
yields of alfalfa seed than did 5 percent DDT or 10 percent sabadilla. 
Since S3mergistic action was suggested by these results, further tests 
were made in the laboratory with DDT and sabadilla in order to eval- 
uate the relatix^e toxicities of vaxious mixtures. 

MATERIALS AND METHODS 

The majority of tests were made with 5-day-oId houseflies, Musca 
domestica L., reared on a synthetic medium as specified by thePeet- 
Grady method. Additional tests were made when possible with 
tarnished plant bugs, Lygus ohlimatus (Say) and alfalfa plant bugs, 
Adelphocoris Imeolafm (Goeze), collected from alfalfa fields. DuPont 
50 percent DDT and McConnon 50 percent sabadilla (lime-activated) 
wettable powders were prepared alone or in mixtures in concentrations 
of 4.8, 2.4, 1.2, and 0.6 gm. per liter.^ These concentrations were 
estimated to be ca^aparable with 2, 1, and % pounds of toxicant in 
100 gallons of water. 

The spray-tower apparatus described by Waters^ and a petri-dish 
testing method, which have been adapted and improved for rapid DDT 
testing at the University of Wisconsin, were used for the experiments. 
Siispensions of the insecticidal mixtures were sprayed at a pressure of 
10 pounds into a vertical cylinder 8 inches in diameter and 3 feet high. 
An open petri dish was exposed to the spray at the bottom of the 
cylinder for 5 seconds. The toxicity of the insecticide deposited in 
the petri dish was evaluated on the basis of the time required for a 
50 percent knock-down of 10~20 insects introduced into the dish and 
covered with a clean glass plate. The petri dishes were tested \Hth 
houseflies in ^ght replicates within 2 hours after spraying for the 

^ Received for publication January 24, 1949. Supported in part by The 
Research Committee of the Graduate School from funds supplied by the Wiscon- 
sin Alumni Research Foundation. 

- Medler, J. T., and Scholl, J. M. control of insects affecting alfalfa 
SEED PRODUCTION IN WISCONSIN- Jour. Econ. Ent. 40: 579-518. 1947. 

^ All data in this paper are given as the amount of 50-percent wettable powder 
used. The amount of actual toxicant is one-half of these concentrations. 

^ Waters H. A. laboratory procedures in studies of the chemical 
control of insects. Amer. Assoc. Adv. Sci. 1943, pp. 115-123, 
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initisfi :ihi! in fuiu replicates at 5-, 10-, 20-, and 30-day intervals 

lor the residnal action. The tarnished plant bugs and alfalfa plant 
leigt, -wore tisted in four replicates at the initial test and after 1 week. 

RESULTS 

I'ho results of the tests with houseflies are given in table 1, and with 
llic tarnished plant bugs and alfalfa plant bugs in table 2. These 
data were analyzed for variance by statistical methods, and significant 
diU’eriaices were found between the treatments.^ 

T,ABi.;fe: 1. — Averngt irmm for a BO-jmeml knock-down of houseflies when exposed to 
DDT-sabadiila mixtures on peiri dishes 
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The housefly experiments were calculated as regressions of dosage 
of iasecticidai mixture on SO-percent knock-down times. The regres- 
sion lines were found to be linear when both variables were converted 
to logs. These regression lines are shown in %ure 1, the concentra- 
tion of DDT being the independent variable. The lines representing 
DDT alone and DDT plus the four different concentrations of sabadilla 
show that the toxicity of DDT is proportionally increased by the ad- 
dition of sftWdilla. 


* Aekaowkdgmeiit is made to The Compuyng Service of the University of Wia- 
eontfa for analysis of the data. 
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Table 2. — Ammge. times for a SO-percent knock-down of tarnished plant bugs and 
alfalfa plani bugs when exposed to DDT-sahadilla mixtures on petri dishes 


IMLxture in grains pt‘r liter 


Interval 


Jiiseet 

50 percent 

percent 

Initial ^ 


BDT wet- 

sabadilla wet- 


table powder 

table powder 


Tarnfehed plant biigg: 



Minutes 

1. 2 

1.2 

20.5 


2.4 


127.5 


2.4 

1.2 

1 18 


4. 8 1 


139 

Adults ' 

4.8 : 
4.8 : 

.6 1 
1.2 

1 21. 5 

! 41.5 


4.8 

2.4 

11 



.6 

(■^) 



1.2 

28.0 



2.4 ■ 

10.5 


1. 2 


152. 5 

Nviuphs.,_ - 

2.4 


71 

Alfalfa plant bug, adults 

4.S 

2.4 

1.2 

41.5 

69. 5 


1 week * 


Mlmites 
203 
182. 5 

( 2 ) 

146 

: 6.5 

m 

0) 

0) 

m 

(^) 

(^) 

m 


m 


66. 5 


1 4 replications. 

2 Not tested. 

^ 50 percent not readied in 4 hours. 



Figube 1.— Fifty-percent knock-down times at initial exposures of houseflies to 
DDT and BDT-sabadilla mixtures. 


Regressions of initial tests are plotted m figure 2 using the concen- 
tration of total insecticide in each mixture as the independent variable. 
The regression lines based upon actual values were linear. The 
slopes of the lines show that more pronounced effects are obtained 
wdth mixtures of DDT in concentrations of 0.6 and 1.2 gm. per liter. 
The major toxicant in each combination is DDT, e. g., at 3.6 the 
addition of 1.2 sabadilla to 2.4 DDT is more effective than the addition 
of 2.4 sabadilla to 1.2 DDT. Howevei-, the lines coimecting 1.2 and 
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FiewB® 2,-—Flftv-perceiit kBoek-down times at initial exposures of houseflies to 
DDT and DDT-sabadii!a mixtures. 


2.4 DDT coiiceiitrations are in relatively close proximity between 
3.6 and 6.0, and a cross-over occurs between 4.8 and 5.4^ wliich suggests 
that the addition of sabadilla to DDT is more practical in this range 
than at other concentrations. The addition of sabadilla to 4.8 DDT 
apparently does not accelerate the toxicity of the mixture in proportion 
to the amount used. 

Data plotted in figure 3 show the residual action of the mixtures. 
The ^-percent knock-down times of the four concentrations of DDT 
alone are plotted agamst the corresponding DDT-sabadilla mixtures 
in a simple curve. The latter points were obtained from data in table 1 
by averaghig the times of the four different DDT-sabadilla mixtures 
at each DDT level. A loss of residual effect is shown for the 0.6 
DDT alone at 5 days, yet 0.6 DDT plus sabadilla gives knock-downs 
at 10 days. The loss of residual effect of 1.2 DDT and DDT plus 
sabadilla'mixtures both take place after 10 days. The residual action 
of 2.4 and 4.S DDT concentrations at the end of 30 days is practically 
the sania as it is initialiy, and on the average it appears that no 
significant increased toxieities r^ult from the addition of sabadilla 
beyond the 10-day interval. The apparently better knock-dowm of 
the 4.8 DDT at 30 days than inilialy peihaps may be explained by a 
gradual dissipation of some making agent that might be in the 
^^inert” part of the wettaMe powder* 

The tests with tarnished bugs and alfalfa plant bugs were 
made during a brief period in Ai^ust when populations were high 
enough in the field to provide an adequate number of test insects. 
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Figure 3. — Fifty-percent knock-down times at interval exposures of houseflies to 
DDT and DDT-sabadilla mixtures, 


Therefore, only limited observations w'ere possible. An inspection 
of the data in table 2 shows that sabadilla is the major toxicant of the 
insecticidal mixture. This is a reversal of the action of DDT-sabadilla 
mixtures on houseflies. A 2.4 concentration of sabadilla knocks 
down the tarnished plant bug faster than 2.4 DDT knocks down a 
housefly. The sabadilla loses most of its effectiveness in a week^s 
time, Slit data show that the 4.8 DDT plus 0.6 sabadilla mixture 
gives a quicker knock-down at 1 week than 4.8 DDT alone and suggest 
some residual effect of sabadilla at certain concentrations. 

Data in table 2 show also that equivalent concentrations of DDT 
are more toxic to nymphs than adults of tarnished plant bu^,*and 
that the alfalfa plant bug is more resistant to a 2.4 DDT pus 1.2 
sabadilla mixture than is the tarnished plant bug. 

DISCUSSION 

Wadley® defined synergism as a joint action of two materials/such 
that the total effect is gicater than the sum of the two effects when 
each is used alone, and stated that its determination requires some 
estimate of similar joint effect inferred from the action of each in- 
gredient used alone. Previous investigations depended largely upon 

« Wabley, F. M. The evidence .required to show synergistic action of 
INSECTICIDES AND A SHORT CUT IN ANALYSIS. U. S. Bur. Eut. and Plant Quar. 
ET-223, 6 pp. 1945. ' 
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a <’om]'Krison of the slopes of dosage-mortality curves between 40 
anti fi.' percent mortality. Tlio present analysis is made by com- 
parioojif of .itt-pt'reent knock-dowTi times, wliicli are not applicable 
10 a tlosage-mortality curve because a 100-percent mortality always 
result.' from the use of DDT at the concentrations tested. It is 
itelievcd, however, that the 50-perceut knock-down gives a valid 
estimate of the elfect of the combination and each ingredient used 
alone, siin-e the time required for an effect is probably correlated with 
toxicity. Should this correlation be true, the data obtained suggest 
synergistic action of DDT and sabadilla, since the effect of the mix- 
tures is ^eater than the joint effect predictable from the individual 
action of the ingredients. With tarnished plant bugs, the synergistic 
action is (dearly shown by comparing the knock-down times of 2.4 
DDT, 2.4 sabadilla, and a mixture of 1.2 of each, 127, 10, and 20 
minutes, rcspectivelv Since 1.2 sabadilla used alone gave a knock- 
down time of 28 minutes, it is seen that the addition of DDT increased 
toxicity significantly, for it can be assumed that 1.2 DDT would have 
a slower action than would 2.4 DDT. With houseflies, the evidence 
is not clear-cut, sim;“e a 50-percent knock-down could not be obtained 
with sabadilla within .‘1 hours at any of the concentrations used. If 
this evidence is used as an estimate of the probable action of that 
inpedient alone, the increased toxicities obtained when sabadilla is 
added to DDT are probably synergistic action. This is clearly 
dcmonstratetl by the almost equal kno<ik-down times shoum in figure 
2 at tliree combinations of 4.8 gm. of mixture concentration. 

SUMMARY AND CONCLUSIONS 

DDT and sabadilla mixtures were sprayed on petri dishes, and the 
residual films were tested for relative toxicity by measuring the time 
required for a 60-percent knock-down of houseflies and of tarnished 
plant bugs and alfalfa plant bugs. The toxic action of the mixtures 
was tested at an initial period and at 5-, 10-,20-, and 30-day intervals. 

Data obtained show that a synergistic relationship exists with 
sabadilla and DDT mixtures, since the effect of the mixtures was 
greater than the sum of the individual effects of the two components. 

of residual toxicity was observed for low concentrations of 
DDT, but high concentratioi^ gave practically the same knock-down 
tim^ at the 30-day test as the initial test.' The data show that 
pbadiHa gives a residual effect in some mixtures at 5- and lO-day 
intarvids. 

_ It is hypothesized that a masking effect of DDT by “inert” par- 
tides may have been present at certain conventrations where the 
synergism was not clearly demonstrated. 

The laboratory^ findii^ ^ utilized in a practical way foi 
iiBeclicides used in the field. Formulas can be prepared with saba- 
diita that give high initial toxicity with decreased amounts of DDT. 

Uiis may be particularly important when DDT is used for the treat- 
ment of forage cro|» where the residue hazard may be present. 



A VIRUS DISEASE OF' WATERMELON IN WISCONSIN 
INCITED BY THE TOBACCO RINGSPOT VIRUSI 

By Glenn S. Pound 


Assistant professor^ DepartnieM of Plant Pathology, Wisconsin Agricultural Expert- 

merit Station ^ 

INTEODUGTION 

In August 1946, marked viruslike symptoms were observed on 
watermelon {Citrullus mdgaris Schrad.) and muskmelon (Cueumis 
melo L.) plants in a field at Merrimac, Wis. Inoculations from infected 
plants to tobacco {Nicotiana tabaeum L.), cucumber (Cueumis satidus 
i.)) and watermelon demonstrated that the disease was of virus origin. 
Isolates from watermelon and muskmelon were identical, and one 
from watermelon was chosen for further study. In 1947 plantings 
in the same area were surveyed; and again the same virus was recov- 
ered from both watermelon and muskmelon, although the incidence 
was lower than in 1946. In 1948 the disease appeared in much 
greater proportion than m the two preceding years, affecting about 
10 percent of the watermelon plants. Considerable loss resulted. 
This paper is a description of symptoms of the disease in the field 
and on certain host plants in the greenhouse, as well as a description 
and identification of the virus. A prelimuiary report has already 
been made (5) .* 

MATERIALS AND METHODS 

The virus studied was obtained from a single watermelon plant 
growing at Merrimac, Wis. Stock cultures were kept in tobacco in 
aphid-proof cages. Inoculations were made by the rubbing method 
on plants previously sprinkled with carborundum. Greenhouses 
were fumigated frequently for aphid control. Air temperatures 
ranged 75° to 80° F. except where otherwise stated. In the host- 
range study, at least five plants were used in each test inoculation. 
From each host inoculated, recovery inoculations were made to a 
suitable test plant to prove the presence or the absence of the virus. 
Property studies were made according to methods previously 
detailed (12). 

’ Received for publication January 31, 1949. 

- Appreciation is expressed to Eugene Herrling for making the photographs 
used in this manu.^cript. 

® Italic numbers in parentheses refer to Literature Cited, p. 668. 
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EXPERIMENTAL RESULTS 

SYMPTOMS AND HOST RANGE 

FiELB SyM.FTOMS O'X MrSK.ME.LOxV’’ .AND WATERMELON 

Natomllv iofeeted nuiskmelon' plants showed marked 'stunting and 
a yellow-p'eeii leaf motile accompanied by leaf malformation.^ Fruit 
set and size wen* greallT red,iiced. Symptoms' were indistinguishable 
from tliose caused by vimses o( the 'Cummber mms 1 group, except 
that after seveml weeks, symptoms produced by the watermelon virus 
became ccmsiderably masked. Infected watermelon plants were 
severely stunted and chlorotic, and they produced no marketable 
fruits. ' Fruits which set were warty and occasionally exuded small 
drops of a viscous liquid at necrotic points on the surface, A diagnostic 
feature of infected vines w’^as' the upright position of distal e,nds of 
riiiiners compared with the nearly prostrate position of healthy 
plants. This characteristic -was /discernible from a considerable 
distarK'*e and provided an easy way of locating, infected vines. ' Leaf 
symptoms on watermelon consisted of a coarse mottle accompanied 
by irregular black, necrotic lesions (fig. 1,. A). Affected leaves, when 
tattered and necrotic, somewhat resembled symptoms induced by 
O^UfMrkhum lagen>armm, (Pass.) E. & H. Intemodes were markedly 
shortened, producing a compact, bunchy growth (fig. 2). Infected 
leaves and stems were exceedingly brittle. Infected plants showed 
some recovery toward the end of the season, but symptoms were 
much more persistent than for muskmelon. 

Greenhouse Reaction on Tobacco 

Local symptoms on inoculated leaves of Havana tobacco appeared 
first as faint cUorotie rings and ringspots but later became etched or 
necrotic, depending upon the temperature. Systemic symptoms ap- 
peared as concentric clilorotic rings and ringspots which often were 
conspicuously yellow and numerous enough to produce a mottled 
effect. Often a jagged (oak-leaf) pattern was associated with the 
veins (fig. 3, S). Finally, leaves lost the ringspot patterns and de- 
veloped a conspicuous diffuse yellowing (fig. 3, A). Eventually, 
masking whs almost complete, but yellowing was pei^istent on the 
lower leaxes. 

Grbenhoubb Reaction on Bean and Pea 

Every variety of bean tested was found to be susceptible to the 
virus, but three did not develop pronounced systemic symptoms. 
The reaction was almost wholly necrotic, occasional varieties showing 
some Primary symptoms usually consisted of reddish- 

brown^ necrotic flecks, spots, or rii^pots with occasional streaking of 
the yeins (fig. 4, A). ^The^mt^t dbaimtaristic systemic symptom was 
top necTosis, a neeptic blighting ;of the growdng tip. In practically 
all varieties in which sjstamie development occurred, the teminal 
growing point withered and died withm 1 days after inoculation as if 
killed by steam (fig. 5). Oc^sionally plants recovered from this top 
necrosis and from laterEl buds proiiiiced ^verely stunted leaves with 




Figure 1. — Symptoms produced on various cucurbits by the watermelon virus. 

Systemic symptoms of naturally infected watermelon; B, systemic symptoms 
on inoculated cucumber; C, D, local and systemic symptoms, respectively, on 
inoculated watermelon ; E, F, local and systemic symptoms, respectively, on in- 
oculated Early Prolific squash. 



Figcb® 2.— Portion of naturally infected watermelon vine, showing much 

sfeortened iEtewaocfes- 


lime 15, 1949 


^ 4 " Vims Disease of Waterinelon in Wiseonsin 


651 



Figure 3. — Leaves of Havana tobacco systemically infected with the water- 
melon virus. Aj Old leaf showing persistent diffuse yellowing j B, young leaves 
showing ringspotting and oak-leaf pattern. 


a coarse mottle (fig. 4, B). Other characteristic systemic symptoms 
were necrotic cankers on main stem, leaf petioles, and necrotic fleck- 
ing or spotting of leaves (fig. 4, O), The following varieties showed 
systemic development as indicated by tip blight, leaf mottle, and 
necrosis, and necrotic cankers of petioles and stems: Florida Belle, 
Stringless Black Valentine, Tenderpod, Tendergreen, Bountiful, 
Plentiful, Keystonian, Sensation Green Pod, Sensation Refugee 1066, 
Striped Creaseback, Kentucky Wonder, Blue Lake, Full Measure, 
Rival, U. I.^No. 1, and Pinto. Varieties Michelite, Robust, and Rust 
Resistant Kentucky Wonder showed no systemic development of tip 
blight or leaf necrosis but did develop occasional cankers of the main 
stem above the inoculated leaves. Stringless Green Refugee developed 
necrotic cankers of petioles and stem and slowly developing necrotic 
lesions of top leaves, but no tip blight. Rarely did more than one 
necrotic spot occur on one leaf. All bean varieties w^ere tested at air 
temperatures of 16°, 20°, and 28° C. S 3 mptom type was not changed 
by temperature, but incubation periods were shorter and symptoms 
were more severe at high temperatures. 

The pea varieties Alaska, Delwiche Commando, Merit, Pride, and 
Prince of Wales all showed identical reactions. Inoculated leaves 
developed irregular necrosis; systemic s 3 nnptoms were severe stunt- 
ing, yellow mottling (fig. 4, Z>), and necrotic streaking of the main 
stem followed by death. In no case did inoculated plants survive 
infection. 
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Fioi’ke 4, — Symptoms induced on bean and pea by the watermelon virus. A, 

local leslOEs oa primary leaf of Piato bean; B, systemic mottle; C, systemic 
BCdrotic flecking produced on Florida Belle bean; B, healthy (left) and sys- 
teaii<»lly infected leaf of Alaska pea. 

GmMNMQVBM MnAcnms 0¥ Othbb Hosts Tested 

In table 1 are given the sjinptoBas produced on selected greenhouse 
pknts. In all cases, except where the contrary is indicated, the virus 
was recovered from each hc»t which produced symptoms. The 
reactions on cucumber, watermdon, and squash are shown in figure 1. 

EFFECT OP TEMPBRATtJaE €134 SYMPTOM EXPRESSION 

The effect of air temperature mt symptom development was studied 
on tobacco and cucumber. On <»i(^imber, chlorotic rings were pro- 
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duced on inoculated cotyledons at 28® and 24®; while' there was severe 
bleachmg at 20® and 16®. Systemie symptoms developed first at 28® 
and last at 16°. At all temperatures, conspicuous chlorotic mot- 
tling occurred. At the high temperatures there was a marked tend- 
ency toward recovery while at low temperatures symptoms were 
persistent. 

On tobacco, local symptoms ranged from chlorotic rings and ring- 
spots at 28® to conspicuous necrotic rings at 16®. Systemic symp- 
toms appeared at 28® and 24® as conspicuous rings and ringspots with 
considerable stunting and distortion. Chlorotic rings were gradually 
replaced by a diffuse yellowing which was persistent on old leaves but 



Figure ^.—Characteristic top necrosis induced in bean by the watermelon virus* 


from which young leaves recovered. At 20® the yellowing was less 
diffuse and tended to occur as chlorotic spots and blotches. Occa- 
sional plants produced necrotic rings. At 16® severe systemic necrosis 
and very little chlorotic ringing or yellowing occurred. Plants at the 
low temperatures did not exhibit recovery in the course of the experi- 
ment. 
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TaBi;e t .—Symptoms pmdueed hy ihe waiermelmi- virus an seleded greenhoime plants 


Hast f.nmily and 


L«?al syiiiptoiris 


Systemic sym ptom.s 


w/ir-A L. 

rarA, Xo,. 2, Ohio :«i. 

mt'h "h. ^miiskiiicloii, 

vars. Itflieioiis, Early 

KiritlitL . ■ 

Ctlmilmrrl^MTlr Sflirad, fwatr-r- 
meloii, viir. Early Kansas L 

C4evfh}t!% Mmlwm r>iiehei«!iif" 
isf|Masb, ws. Early Prolific’, 
Blue Hiibhnrd). 


€\ f^pn L. i'pfiiTipliisi, Tars. 
CoriiM'CfHeiit f Hd, Sugar). 

rfrtiiiwsltm*: 

Aiftr nmfltuM L. C»tf‘r) 

Ia (calen- 

dals, var. Oranw-^ King). 
iMmfithm umnm L. (sim- 
fl«»*er, «r. Mainmcrth Riub- 

Zimi* fkmm laeq. (ziiwiia, %*ar. 
LfflptitK 

Hmperk maimuttiU L. filaines 
■viotet).. , 

TWMpi«rr£a#e L. (pfiimyerw). , 
Ckjmiiu fmrm-pmimk (E.) 

Mi»rllc. (sl«^phc‘^sla»pH^l»). 
&rmsit& UMpus L. (raw, var. 
Dwarf Es»t). 

B, dfmma fmrfiin L. (Isroccoll, 
ir«r, Mta dmtxi Sproufing), 
B. rterflcea gemmifim Zonker 
ihvmmM spmsLU, vm. 

ItlsofI Iraproyed > 

Hmm mtimm L, (pea, vars. 
AlMka, Prtd#, Merit, Com- 
msMQ, Prince of Wafes). 
MdIMm &B§, B«8r, fwMte 
nww'tctovw). 

M, imMm AIL (y#»llow sweet- 
©lavit). ■ . 

PkmetiMtmimrkhA'lM'm, Bm 

5 f«w wielfti reaetlcBig). 


tHMmm 

!•■%** iimmk 
cwimL 

I Mi / alto L. bean). 


pral««ie L. (r«4 
Enil. (felac* 


CtoteM fmiawm D, griimm 
Copper, var. Calltoraia 

MiW, 

(tejMai0, var. Bcwny Best). 
Nsewmm is^nm I*. 
f»r. Coaa. Havana No. 


A7 h,. 


Small cWorotle rings followed by 
fenersl chlorosis of cotyledons; 
ehloroiie- lesions on older 

rhlomiic lesons bea^iiilng ne- 
erotic and ronate. 

Irregular to concentrically don- 
ate necrotic lesions, ■ 

Conspicuous ' chlorotic lesions 
followed by cstensi^’c neerotic 
areas. 




Necrotic lesions, 

Non#., 

Scattere^rt Bcerotic lesions,. 


Chlorotic lesions. , 


None-. 


..do.-... 


...do. 

...do. 

...do. 


None... 
do. 


NMTOtie Seels, streaks or ring- 
spots. 


Ncase... 

Nomerons red aearot.ie lesietss— 

Irregtilwr bfeek mmmk., .... 

N«a«. . ..... ........ 

■ K-.»do 


'fe»lfefed ettfefd rte3@5t ecw.- 

8 l»al eiieiriar swratie fesl«»s. 


Very fatet citootie rings md 


Irregular necrosis and ehlorosfe... 


Yellow mottle with distinct chlo- 
rotic spots followed . by d.iflusG 
cMorosis in which lesions lose 
■distinctiveness; severe stunting. 

• Same as above; eventually masked. 


Severe stunting, d.,istortion of 
leaves; irregular chlorotic mottle 
with necrosis. 

None for Blue Hubbard and virus 
not re'covered. Occasional single 
large chlorotic lesions for Early 
Prolific. 

Severe yellow mottle with distor- 
tio-n a.n(i stunting. Few plants 
.infeeted. 

Yellow-great mottle .followed by 
irregular necrosis. , 

None; v.iros recovered. 

Coarse- yellow-green mottle.. 


Chlorotic mottle. 

Slight yellow-green mottle. 

None; vims recovered. 

Do. 

None. 

Do. 

Do. 


Severe mottle followed by death of 
plant. 

None; virus recovenid. 

Do. 

Severe necrosis of growing tip, 
neerotic flecks and ringspots on 
leaves and elongate cankers on 
petioles and stem; severe stunt- 
ing and mottling on leaves from 
adventitious buds. 

None, virus recovered. 

Blotchy mottle with irregular 
necrosis of stem and petioles: 
often lethal. 

Black necrosis of leaves and stem 
kthal. 

None. 


Do. 

Conmitric chlorotic ringing and 
ringspotting with slight leaf 
puckering; later replaced bv 
conspicuous diffuse yellowing: 
in transition from rin0ng to 
yellowing marked jagged, Mght- 
ninglike p«ittem common; par- 
tial masking. 

Faint chlorotic rings and ring spots 
becoming etchedlike; often no 
symptoms; complete maskini. 
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Table 1. — Syinpimm produced hp the watermelon virus on selected greenhouse 

plants — Continued 


Host family and sfi^cies , -j 

Local symptoms 

Systemic symptoms . 


Solanaceae— Continued 




N. rmtka L 

Petunia hybnda Vilm. (petimia).- 

Etchedlike ringing and ring* 
spotting. 

Chlorotic and necrotic lesions. . . 

Broad, chlorotic rin,g,s on , yonng 
leaves hemming , markedly don- 
ate. ■■ ■ ■ 

! Chlorotic mottle. 

Solanum triflomm Nutt 

Scattered necrotic lesions 

Chlorotic mottle; stunting 
distortion. 

and 


PROPERTIES OF THE VIRUS 

Maine cucumber plants were used in determining the physical prop- 
erties. Inoculum in each case was taken from recently infected 
tobacco plants. The results are given in table 2. The points at 
which inactivation occurred (dilution, 1 to 100,000; aging in vitro, o 
days at 20° C.; thermal inactivation, 70° for 10 minutes) were similar 
to those reported for Cucumber virus 1 and the tobacco ringspot virus. 


Table 2. — Physical properties of the watermelon virus as determined on cucumber 


Type and degree of treatment 

Ratio of cucumber plants infected to those in- 
oculated in trial— 


1 

2 

3 

Total 

Dilution; 

0 

30/30 

20/20 

100/100 

150/150 

1-10... 

30/30 

19/20 

100/100 

149/160 

1-100 

29/30 

14/20 

100/100 

143/150 

1-1,000 : 

9/30 

8/20 

9/100 

26/150 

1-10,000 

0/30 

2/20 

2/100 

4/150 

1-100,000 ....... 

0/30 

0/20 

0/100 : 

0/160 

Aging in vitro (hours at 20® C.): 

0 - 

30/30 

24/24 

50/50 

104/104 

24 

30/30 

24/24 

50/50 

104/104 

48 

21/30 

24/24 

43/50 

88/104 

72 

16/30 

18/24 

31/50 

65/104 

96 

6/30 

1/24 1 

0/50 

6/104 

120. 

0/30 

0/24 j 

0/50 

0/104 

Thermal inactivation (10 minute St ° C.): 

Unheated- 

24/24 

24/24 

24/24 i 

72/72 

45 — 

24/24 

24/24 

24/24 

72/72 

50., — 

24/24 

24/24 ' 

24/24 ! 

72/72 

55 

24/24 

24/24 ! 

24/24 1 

72/72 

60 J 

22/24 

24/24 

20/24 ; 

66/72 

65 

1/24 

7/24 

3/24 ' 

11/72 

70 i 

0/24 

■ j 

0/24 

0/24 : 

0/72 


Several attempts to transmit the virus from tobacco to cucumber 
and vice versa by the green peach aphid {Myzus persicde L.) were 
unsuccessfuL 

mSHTIFICATION OF THE VIRUS 

In extensive cross-protection tests, the watermelon virus failed to 
protect tobacco plants against subsequent infection with Tobacco virus 
1 and Cucumber virus 1, but complete protection was afforded against 
the tobacco ringspot virus. 

The tests of relationship to the tobacco ringspot virus were as fol- 
lows: Several tobacco plants wete inoculated with tobacco ringspot 
§4^615—49 S 
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^ tte ratj^protection tests -with the tobacc( 

riMs|>ot \miK 44* laoewl&ted leaf wlmii iiad reeevered from .STmptoms o. 
t^«co niigspot when reinoenlatrf witli the watermelon virus; B/leaf of sam< 

inoculate with the watermelon virus ; C, D, leave! 

inoculated leaves sbowi 
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vinis.^ After complete, recovery occured, the symptomless leaves 
were reiiioculated with the watermelon virus. ' At the same time 
healthy plants of the same age were inoculated with the watermelon 
virus to serve as controls.. In all cases (involving six different trials), 
the waternielon virus produced no symptoms on the ringspot-recovered 
plants but abundant symptoms on the control plants (fig. 6) . This 
indicated a strain relationship between the wate,rmelon virus and. 
tobacco ringspot virus. 


DISCUSSION 

Several reports have been made of virus diseases and of viruses 
affecting watermelon under artificial inoculations. Ainsworth {!) re- 
ported the infectiousness of Cucumber viruses 3 and 4 to watermelon. 
Porter (7) reported that watermelon was highly susceptible to Cu- 
cumber virus 2. Many strains oi Cucumber virus 1 produce only local 
symptoms on watermelon {3, 16)^, and only rarely have systemic 
infections of this host been demonstrated. Wellman {14) reported 
systemic infection of watermelon by the celery strain of Cucumber 
virus 1 under greenhouse tests and inferred that mosaic-infected vines 
observed in nature were of the same cause. Porter and Melhus {8) 
of Iowa, Milbrath (6) of California, and Walker (13) of Florida re- 
ported natural occurrence of watermelon mosaic without identifying 
the causal virus. The virus producing the watermelon disease de- 
scribed herein was shown to be caused by a yellow strain of the 
tobacco ringspot virus. It agreed very closely with the latter virus 
in symptomatology, in host range, properties, and in failure to be trans- 
mitted from tobacco to other hosts by the use of the green peach 
aphid (Myzus persicae L.), Furthermore, by host-immunity reac- 
tions, its relationship to the tobacco ringspot virus was proved. 
Wingard (16) and others reported the infectiousness of the tobacco 
ringspot virus to cucurbits in greenhouse tests. Henderson (4) re- 
ported a natural occun’ence of this virus on muskmelon and squash 
in Virginia, and Yalleau (fO) reported that it caused a mosaic disease 
of cucumbers in Kentucky, 

The regular occurrence of the tobacco ringspot virus in watermelon 
in Wisconsin is interesting in view of the absence of known insect 
vectom and its rare occurrence as a disease of proximal tobacco plant- 
ir^. However, the virus is weU-distributed on soybean plantings 
throughout the North Central States (f) and no doubt occurs on 
many weed hosts as well. Its transmission to watermelon might well 
be by the same means as its transmission to soybean. Also the pos- 
sibility of transmission thinugh cucurbit seeds should not be over- 
looked. Henderson (5) and Valleau (10) demonstrated that the 
tobaeco ringspot virus is transmitted to a considerable degree in 
seeds of petunia and tobacco, respectively. 

^ Two different strains of tobacco ringspot were obtained from Dr. E. W. Fulton. 
One was from infected tobacco in Maryland in 1948* The other came originally 
from Wisconsin and was shown to immunize against Price's Strain of tobacco 
ringspot virus. 
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SUMMARY 

A mosaic disease of \?atemielon and muskmelon in Wisconsin ^was 
foiiiici to lie cfaiisecl by a yellow strain of the tobacco ringspot virus. 
The virus was found to be nontransmissible from tobacco to other 
hosts by the green peach aphid (Mgzm persime L.). In physical- 
property studies, inactivation of the virus occurred at: Dilutionj 1 to 
100,000; thermal iiiaetivationy 10 minutes at 70® G.; aging in vitro, 
5 clays at 20®. The watermelon virus effectively protected tobacco 
plants against subsequent infection with the tobacco ringspot virus. 
A description of the disease in the field and of symptoms on selected 
greenhouse hosts is given. 
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CYTOLOGY OF REPRODUCTION IN SORGHUM VULGARE* 


By Ernst Artschwager, sefiior plant anaimnist^ and Ruth C. McGuirbA 
asdociaie cyiologist^ Division of Sugar Plant Invesiigaiions, Bureau of Plant 
Indusiryf^ SoilSf and Agricuttural Engineering, Agricultural Research Ad7ninistra~ 
iion, United States Department of Agriculture 

INTRODUCTION 

The embryology of grasses has been studied intensively for over a 
century, and the literature on this subject is considerable. However, 
nothing seems to have been published about embryo development in 
sorghum {Sorghum milgare Pers.) save some observations by Stephens 
and Quinby (Jf7) ® on fertilization. Anthesis and pollination of 
grasses including sorghum have been studied by several investiga- 
tors (S, 7, IS, 17), with results that substantially agree. The structure 
of grass seed has been investigated in relation to physiology (5), and 
that of the mature embryo and seedling in connection with homologies 
{2, 12, 14 , 15). Homologies in grass embryos and seedlings have been 
a matter of controversy for more than a century and today remain one 
of the most controversial subjects m botany. There is little anatomical 
evidence that would aid in a purely objective interpretation of the 
nature of the scutellum, the coleoptile, and the axis interval linking 
these two organs. The present paper deals with flower and seed 
development of sorghum, with emphasis on the time factor in fertiliza- 
tion and on embryo development. 

■ MATERIALS AND METHODS 

Plants of three sorghum varieties, Folger, Red X, and CoUier, were 
grown in the greenhouses of the Plant Industry Station of the United 
States Department of Agriculture, at Beltsville, Md., and in field 
plots at the New Mexico Agricultural Experiment Station, State 
College, N. Mex. The plants that furnished the material for fertiliza- 
tion studies were rendered male sterile by hot-water treatment of the 
inflorescences. Viable pollen was then applied, and collections were 
made at definite intervals. The cytological preparations vrere made 
from material killed in Carnoy’s solution, embedded in paraflB.n, and 
stained with Heidenhain’s iron-alum haematoxylin. Pollen germina- 
tion studies were made on a culture medium containing percent 
agar and 40 percent sucrose. 

‘ Received for publication July 7, 1948. 

2 Credit is due Percy S. Browne, photographer, Division of Sugar Plant Investi- 
gations, for the photomicrographs in plates 1, 3, and 6 to 9, and to Rosemary 
Schipman for the drawings in figure 1. 

® Italic numbers in parentheses refer to Literature Cited, p. 672. 
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MORPHOLOGY OF INFLORESCENCE ^ 

Tlip llcir;‘'i! organs of sorghum have been described in great detail 
liy Cow'gil! (6'), so tliat only a brief characterization of the inflorescence, 
or heail, is iicfTSsary here. 

The iiiflorcsc/eiiee of the varieties of sorghum studied is a rather 
(‘ompact panicle, jointed to' the last node of the stalk by the peduncle 
ffig. 1 The peduncle consists of nodes and internodes.. The inter- 
nodes are often so short that the lateral branches have the appearance 
of being in, whorls. The primary branches divide to form laterals of 
second and third, order. 

The |oi.nts of the raehis hear paired spikelets. Of each pair of 
spikelets one is fertile a.nd sessile, the other sterile and pedicellate. 
.Ill the last joint two sterile spikelets are grouped with a single fertile 
spikeiet. 

Each fertile spikelet has two thick, some%vh.at indurate glumes of 
about ec.|ual length, the lower partially enveloping the upper. The 
glumes enclose two florets, of wiiich the lower is sterile and the upper 
perfect. The sterile floret consists of a lemma only. The fertile 
floret consists of a lemma, a palea, tw'o lodiciiles, three stamens, and 
a one-eelled ovary with tw'o plumose stigmas. The fertile lemma is 
thin and hyaline and often bears an awn. The two lodicules lie 
adjacent to the^ fertile lemma, at the base of the spikelet. 

The sterile spikelet is more elongated than the fertile. It commonly 
consists of tw''o glumes only, but may have other parts. 

MACROSPOROGENESIS 

The ovule of sorghum is solitary and is attached with a broad sur- 
face to the w'all of the carpel. It is at first erect. Subsequently, 
Wause of unequal growth in the micellus, the micropylar end is 
pushed over until at time of megaspore mother cell formation it is 
adjacent to the end of the fiow^er (pi. 1, A), The ovule continues to 
rotate until it becomes anatropous, with the micropyle near the 
hilum. There are two integuments, each two layers thick. The 
outer integuuient is much shorter than the inner and never reaches 
the micropyle (pi. 1, €f). 

The megaspore mother cell arises from a hypodermal cell at the time 
when the two integuments differentiate. Sometimes the sporogenoiis 
tSKue consists of two m^aspore mother cells occurring side by side 
within an ovule (pi. 1, At fimt eadh. megaspore mother cell is 
polygonal, is wider at its micropylar end (pi. 1, A), and contains a 
large nucleus and dense cytoplasm. I^ter it enlarges greatly and 
becomes oblong (pL 1, B), ^ It abuts externally on a single layer of 
mieeiar tissue, but soon perielinal divfeions within this layer increase 
the widLh of the nu, cellar epidermis and cause the megaspore mother 
cell to be pushed tow^ard the chalasal portion of the nucellus. 

The megaspore mother ceil uadeigo^ meiosis and becomes a dyad in 
tlie normal maimer. The BemM divisions follow quickly, forming a 
tetrad of megaspores disposed in one lonptudinal row (pL 1, D). 
rrom the begmiiing, the chalazal iiM^spore is larger than the other 

The anatomy and morphology of the v^etaMve organs of sorghum have been 
discussed by the senior author (i). 6 ooen 




Figure 1. — Habit sketches of young inflorescence of sorghum: Head still 

enclosed by terminal leaf sheath; B and C, head emerging; D, inflorescence 
raised by elongation of peduncle; E, mature sessile spikelet with two pediceled 
spikelets; F, spikelet at time of anthesis; G, spikelet at end of an thesis, with 
glumes closed. 
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iiieml-iers of llio tetrad. It- becomes ftmetional while the others 

dc'geiwatr I'pL I, Fi, 

The imwliomil Biegaspore enlarges and then divides. Only , one 
inieleiis stays at the iiiicropylar 'end; the other moves toward the, 
ehalaza. The ehuhizai nneleus divides at right angles to the micropylar 
nil f lens and parallel to the long axis of the embryo sac. One large 
vacuole separates the two nuclear m-oiips. The nuclei of each, group 
then divide, tlie micropylar in a plane at right angles to that of its 
liret division. The embryo sac now contains eight nuclei. Cell walls 
are laid down, and soon they transform the macrogametophyte into 
the typical, eight-celled structure consisting of the egg apparatuSj the 
polar nuclei, and the antipodals. 

During the nuclear divisions the embryo sac enlarges greatly by 
.absorbing adjacent tissue of the nucelius. 

ORGAMIZATIOH OF MATURE EMBRYO SAC 

At the time of fertilization the ovule is about 1 mm. long. It is 
narrow radially (pi. 2, A) and broad in the dorsiventral plane (pi. 2, 
B), The embryo sac is oval or somewhat pear-shaped, with the 
broader end near the micropyle. 

The young egg is spherical. As it increases in size it becomes oblong 
and finally balloon-shaped. It lies between the two synergids and 
extends somewhat above them. The nucleus is prominent, although 
not so large as the polar nuclei, and the cytoplasm is prominently 
vacuo-lated. 

The synergids are sister cells. At first they are pear-shaped, with 
flattened adjoining sides (pi. 3, O). Later the basal part of each cell 
contracts, and this creates a cleft l>e tween them (pi. 3, D), The 
protoplasm is dense and alveolar, and there are no vacuoles; the nuclei 
are large and have prominent nucleoli (pi. 3, C). With the maturing 
of the embryo sac, the sjmergids slirink and lose their definite stiucture. 

The polar nuclei (pL 3, B) are found in close contact with the egg 
apparatus from the time of their differentiation. The contigiiaiis 
sides of these nuclei are flattened (pL 3, Each polar nucleus re- 
tains the whole of its membrane until the two fuse to form the primary 
endosperm niieleiis. This fusion occurs either before fertilization or 
later. The nucleoli of the polars are larger than those of the svnergids 
(pi 3,0}. 

A, conspicuous antipcxial complex is common to all grasses. In 
soigbum the three antipodal nuclei begin to divide as soon as the 
lower polar nucleus^is separated from them. Nuclear division is fol- 
lowed oy cytoHinesis insulting in a network of antipodal tissue that 
completely fills chalazal portion of the embryo sac. As the sac 
eni^geS| the antipodal cdUs dlso incrimse in size and become coeno- 
eytic, with as many as four tmdd in each cell (pi. 4, 0). The cyto- 
plasm of the anti^dal cells is dense and lacks vacuoles, and Uieir 
iiuelei are smaller than ihim of the egg apparatus (pL 3, A, B). 

^ Degeneration of the s^eigids'^'la in before anthesis. The syner- 
shrink and lose^th« definite structure before the pollen tube 
voters. As they^ begin to longitudinal striations appear 

their apices, ^giving rise to Mimm apparatus. 

Disorganization of the, ^Manplex begins before fertilization. 

The cytoplasm becomes vaOTolaiMy -mad the nudei fuse (pi. 4, C^. A 
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Longitudinal sections of ovules of sorghum: A, With young megaspore mother 
ceil; X 500. i?. With older megaspore mother cell; X 1,000. C, With mega- 
spore mother cell at late telophase; X 500. JD, With linear tetrad of mega- 
spores; X 700. W'ith two megaspores at first metaphase, lying parallel to 
each other; X 800. F, With chalazal megaspore functional and others de- 
generated; X 800. 
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Longitudinal sections of embryo sacs; Young antipodal complex; X 850. 
B, Young antipodal complex, polar nuclei, and egg; X 700. C, Synergids and 
polar nuclei; X 850. D, Synergids at time of fertilization; X 850. E, Polar 
nuclei at time of fertilization: X 850, F, Fertilized egg; X 850. ant. Antip- 
odal nuclei; pol, polar nuclei; syn, synergids. 













V = 


f < 






^ j if-^- 




\> \ . 






.'A- 


'/ 






.t-ij 




'•ft 


K 








Loogitudinal secttops of embryo W'cs at time of fertilimtion: A, Sac with greatly 

enlarged antipotW eelto; X 350. iJ, Large antipodal cells spearheading 
endosperm tissue into disfategrating aucellus: X 350. C, AntipoS nuclei in 
disintegration; X 860. D, Degeneratmg antipodal nucleus; 
V o’iJi ‘ j of endosperm; X 850. F, Nuclei of old endcsperm; 

X 8o0. ant. Antipodal eells; 2»ol, polar nuclei. 
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typical fusion, nucleus is shown in plate 4, D, together with niimerous 
chromatiii granules. 

ANTHESIS 

The order of anthesis of sorghum has been recorded in detail by 
several investigators {S, 7, IS^ 17), According to their observations, 
the reproductive phase is indicated by a characteristic swelling of the 
apex of the stalk. The swollen area is enclosed by the terniinal leaf 
sheath (fig. 1, il), whose blade, the flag, is usually small and incon- 
spicuous. Emergence of the flag is followed by the ushering out of 
the boot. Next the inflorescence proper makes its appearance (fig. 
1, B). When the head is completely clear the peduncle further elon- 
gates (fig. 1, D), elevating the head to a height characteristic of the 
variety. According to Ayyangar and Eao (§), about 6 days are re- 
quireci for the emergence of the flag, at least about 9 days for the 
ushering out of the boot, 5 or more days for the complete cleai^ance 
of the head, and 5 more days for the elongation of the peduncle. 

Anthesis in the inflorescence is hasipetal. The length of time re- 
quired for all flowers of a panicle to open averages 7 days, according 
to Graham (7), and maximum blooming takes place on the third or 
fourth day. According to detailed observation by Stephens and 
Quinby (f7), usually the terminal or the second flower of the upper- 
most panicle branch opens first, and, in general, the flowers in any 
horizontal plane within the panicle open at the same time. 

Blooming takes place chiefly in early morning; the largest anthesis 
occurs as early as 2 a. m. The opening of the individual flower is 
rapid, owing to pressure produced by the simultaneous swelling of the 
two lodicules. The bracts move apart until they form an obtuse 
angle, the whole movement being completed in about 10 minutes. 
As the glumes fan out, the stigmas and anthers emerge. The anthers 
become pendent almost immediately. Usually the stigmas become 
visible (fig. 2) before the filaments of the anthers elongate. The 
period during which the flowers remain open ranges, according to 
different observers {S, 6, id), from 30 to 90 minutes. 

MIGROSFOROGENESIS 

The anthers of sorghum appear first as a mass of homogeneous cells, 
wliich soon becomes four-lobed in cross section (pi. 5, A), The pri- 
mary archesporiiim in each of the 4 lobes forms a plate 15 to 20, cells 
long and 2 cells broad, enclosed on the outside by an epidermis and 3 
wall layers (pi. 5,5). The woll layer next to the epidermis forms the 
fibrous endothecium of the mature anther. The cells of the inner- 
most layer differentiate into the tapetum (pL 5, (7, D), The layer 
between the tapetum and the endothecium disorganizes early and 
becomes completely resorbed* 

The tapetum attains its maximum development at the first reduc- 
tion division in the pollen mother ceils. The cells are uninucleate but 
become binucleate with the advent of meiosis. As the pollen tetrads 
are being formed, the nuclei and cytoplasm of the tapetum take on a 
dark stain. Signs of degeneration of the tapetum appear at this stage, 
and by the time the microspores separate only vestiges of this layer 
remain (pi. 5, E), The epidermal Cells of the anther enlarge greatly 
and become more massive than any of the cells of the w^all layers (pL 
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5, £K E) except at the two ends of 
the antlieix where the endotheeiuin 
is eo!i5pieiioiis» ^ . 

Willie the anther wall progres- 
sively differentiates^ the primary 
sporogeiioiis tissue divides to form 
pollen mother eeils and each of 
these undergoes meiosis in the nor- 
mal manner (pL 6, A-E).- No 
wall is formed at the close of the 
first division. The second divi- 
sion produces two spindles. Either 
the spindles are nearly at right 
angles to each other (pL 6, C) and 
the mierospores are in tetrahedral 
arrangement or the spindles are 
parallel to each other and the mi- 
crospores are within the same 
plane (pi §, K). Cytokinesis takes 
place through simiiltaiieoiis fur- 
rowing from four sides. Soon after 
liberation from the tetrad, the pol- 
len grains round, off and increase 
considerably in size (pi. ^5, E). 
They develop the usual exine and 
inline. The former is smooth and 
is perforated by one germ pore 
(pi. 6, <?). 

The pollen grains are usually 
Irinueleate by the time the exine 
is fully developed (pi. 6, (?). 

The tube nucleus is large and of 
spherical or irreCTlar shape.^ It 
stains rather weakly if at all. The 
sperms are small and usually sligh1>- 
ly elongate. While most pollen 
grains ha've only two sperms, grains 
wi'tih. supernumerary sperms are 
not uncommon (pi. H). The 
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EXPLANATOET bEOMND FOE PLATE 5 

Mkm»p&mg 0 mmh: A, seetioE of jomg lower with anthers at time of pollen 
mother cell formation; X 2TS. B, I^ngSadtiml section of young anther with 

S dinary sporogeiions tissue and ali wall layers differentiated; X 850. C, 
ollen mother cell at early prophi^, tapetal cells enlarged and uninucleate; 
X 850. D, iriother cell at late prophase, binucleate tapetai cells, and 

cells of anther epidermis: X Ji, Anther with pollen grains mature, 

tapetai cells degenerated, and third wall layer between endotheclum and 
tapetum completely resorbed; X Endothecium; ep, epidermis; 

m, microspore; pme, pollen mother cells; pM, primary sporogenous tissue; lap, 
tapetom. 
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haploid chromosome complement as seen at the first meiotic metaphase 
in pollen mother cells is 10 (pL 6, (7, D), according to counts made in 
this invest igation and in earlier ones {9, 10, 11). 

FERTILIZATION 

Germination tests with sorghum pollen to determine its longevity 
under different environmental conditions have been made by several 
investigators. 

Stephens and Quinby (17) found that pollen lost its vitality within 
5 hours, but Patel and Patel (IS) reported germination after as long 
as 30 hours. Ayyangar and Rao (4) stored packets of pollen in 
beakers within moist chambers and in open tubes within a refrigerator 
at 10° C. In the first experiment they obtained about 28 percent 
germination after 48 hours; reporting on the second, they stated 
(4, PP^ iSll and ISIS) that ‘‘life lingered till even the sixth day^’ and 
that “the poUen is capable of fertilising up to the third day though in 
a very weak measure.’’ The distinctly beneficial effect of low tem- 
peratures in this experiment explains why the cold morning hours 
tend to be most favorable for pollen germination under field conditions. 
These investigators reported that only 31.2 percent of the pollen 
gathered as early as 2 a. m. had germinated, but more than 50 percent 
of that collected between 5 and 8 a. m. had done so. They noted that 
darkness had an inhibiting effect on pollen germination. This explains 
the fact that under field conditions germination is deferred to day- 
break. 

Ayyangar and Rao (4) studied pollen germination and poUen-tube 
growth on artificial media. Sowing poUen on 41-percent sucrose agar, 
they found that germination usuafly started within 15 to 30 minutes 
and that growth was completed in 3 to 4 hours. Rate of growth 
lacked uniformity. In general, there was a preliminary period of 
growth at a moderate rate, then one of rapid elongation, and then a 
slowing down, the decline in rate being more gradual than the early 
acceleration. The pollen tubes grown on artificial media never 
developed to such length as would be required to reach the ovary. 

Results of poUen germination tests made at State CoUege, N. Mex., 
during the summer of 1947 were not conclusive. The nutrient 
medium recommended by Ayyangar and Rao (4) proved unsuitable; 
pollen tubes grown on it burst before they attained appreciable 
length. Variations in the osmotic concentration of the medium, 
also, made it unsatisfactory. 

Germination of poUen grains within unopened anthers was observed 
in material collected at State CoUege, 3SF. Mex., during the summer of 


EXPLANATORY LEGEND FOR PLATE 6 

Microsporogenesis: 4, Late prophase; X 1,000, B, Diakinesis; X 1,000. C and 
Z), First meiotic metaphase (10 chromosomes); X 1,700. E, Pollen tetrads; 
X 1,000. F, Pollen grains with three nuclei each; X 400. G, Mature pollen 
grain having three nuclei and single germ pore; X 1,000. H, Pollen grain 
with supernumerary sperms; X 1,000. I, Germinating pollen grain within 
unopened anther; X 1,000. Sperms. 
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1947„ Bi'nHisf c>f iTowdirig, the pollen tubers were twisted and coiled. 
TI;(‘ jHid ilie tube luiclei had migrated into the pollen tubes 

p]. », /', nsiialiy to some distance from the- tip. The tips of some of 
the pollen fnbes were partly wedged between the cells of the eiido- 
tlieeinni. but roiiiplete penetration of the anther wall has not been 

Polli^ri falling upon a receptive stigma germinates immediately if 
roiiditioiis are favorable.' The ■stigma is receptive 'sonietimes before 
blooming and always for a long time after it. If pollination has not 
taken plac€% the extruded stigmas remain feathery and fresh looking 
for scweral days. Stephens and Quiiiby (17) reported that flowers 
pollinatetl 8 days after aiitliesis produced seed and that in cool autumn 
weather su(‘cc*ssfiil poll illations -were made even 16 days after blooming. 

The pfdleii tula* grows through the stigmatic papillae into a lateral 
branch of the stigma and thence downward until it reaches the con- 
ducting tissue of the style. ■ Upon entering the ovary cavity, the tube 
grows l)etween the outer integument and the ovary wall, and enters 
the embryo sa<* by pressing apart the cells of the iiucellus (pi. 7,,B). 
At this stage llie <Vdls lining the micropyle have grown far beyond the 
prevailing size of the nucellar ceils; the outer ones are especially large 
and protrude (pL 7, A, B). . 

Many polhm tubes grow dowui the stylar canal into the cavity 
of the ovary; but only one or two, apparently, penetrate the micropyle 
and discharge their sperms. 

Sperms were observed frequently in the vicinity of the egg and even 
inside the egg membrane, t>iit actual fusion between sperm and egg 
nucleus has not been seen. A characteristic accompaniment of 
fertilization is the appearance of numerous black granules, arranged 
in a crescent, between egg and polars (pis. 7, A, U, and 8, A, E), 
These granules closely resemble the male nuclei in size and staining 
reaction; usually they cannot be distinguished from them. 

Simultaneously with fertilization of the egg nucleus, that of one 
polar nucleus or of fused polar nuclei occurs. Even when a pair of 
polar nuclei are in close contact with each other, fertilization of one 
may take place without dissolution of the membranes separating the 
two (pL 8, C). Apparently only one of the polar nuclei is fertilized 
if the two are in process of fusing. If these nuclei have not fused 
before fertilization, they do so immediately thereafter. Fertilization 
is indicated by the presence of an extra nucleolus, which is not so 
large as the two others but may be almost as large (pis. 7, F, and 
S, (J). 

Stephens and Quinby {17) studied the time interval between 
pollination and fertilization on Spur feterita flowers. They found no 
divisions of egg cell and endosperm nuclei in ovules examined 6 hours 
or less after pollination; but in ovules examined 12 hours after polli- 
nation they found that fertilization had taken place and, in some 
instances, the endosperm imcleuB had divided several times. They 
concluded that fertilization in ^i^hum commonly takes place within 
8 to 10 hours after pollination, -but that the volume of material they 
examined was too small to exdude the possibility that fertilization 
can occur within less than 6 hours or after more than 12 hours. 

Controlled-pollination experiment with sorgWm at BeltsviUe, Md., 
showed that pollen tubes and ocmdonally pollen-tube granules (pL 8, 
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A, Section of micropyiar end of ovule showing micropvle crescent of onlle,, t„h„ 

rie ?< .500. I. PoIlenVuV to 

y poUen-tiibe granules, and polar nucleus* 

^r^i' P" Fertilized egg with two nucleolij X 700. E, Fertilized eo*ff with 
united polar nuclei in lateral position ; X 500. F Fertilized nri 

tTo'ntcfeX X SSO^nii^f nucl^h; X 8S0. f?. FertiU^d e^fh' 
celledembrvo- y sXfi Dividing zygote at metaphase ; X 800 . f, Two- 
granule“ ■ ’ ^ POlar nucleus; ptg, pollen tube 


Postfertiii»tioB stages of egg and |M>lar nnclei in material rendered male sterile 
tlirougli liot-v&ter treatment of tte inflorescence: Fertilized egg and polar 

nucleus witli partial crescent of polien-tube granules. B, Polar nuclei with 
chromatin in spireme. C, Fertili^d polar nuclei. One cell has two nucleoli, 
the other has one. D, Pertilimd egg and polar nuclei. S3mergids, at base of 
egg, imi^e degenerated into striated filiform apparatus. E, Fertilized egg and 
mlar-fusion nucleus separated by cr^^nt of pollen-tube granules, ill X 850. 
fa^ Filiform apparatus; pel, polar nucleus; pfgr, pollen-tube granules. 
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D) are present in the micropyle as early as 60 minutes after pollina- 
tion; material collected 100 to 120 minutes after pollen was applied 
yielded eYidence of fertilization in practically every flower. Under 
neld conditions at State College, N. Mex., evidence of fertilization of 
sorghum, was noticed in material collected at 7 a. m., about 2 hours 
after sunrise, and 90 percent of the material collected at 8 a. m. was 
fertilized.. Thus, the time. factor for fertilization of sorghum, is 
approximately 2 hours, a period much shorter than that given by 
Stephens and Quinby {17). The discrepancy may be explained by 
the fact that those investigators disregarded the rest period between 
fertilization and division of the zygote. 

POSTFERTILIZATION DEVELOPMENT 

The newly fertilized egg contains two nucleoli, one larger than the 
other (pis. 7, jD, and 8, D), Fusion of the two nucleoli occurs 
shortly after fertilization, for only one nucleolus is present when the 
primary-endosperm nucleus divides. 

The zygote and the primary-endosperm nucleus do not divide 
immediately after fertilization; they undergo a rest period, which is 
short for the endosperm nucleus but of considerable duration for the 
zygote. Dming this rest period general growth processes in the 
embryo sac and elsewhere in the ovule continue. 

The filiform apparatus resulting from degeneration of the sjuiergids 
extends fanlike above the micropyle even after fertilization (pL 8, D). 

The life of the antipodal cells does not terminate with fertilization. 
While their nuclei degenerate, the antipodals continue to enlarge 
(pi. 4, B) and their walls thicken appreciably. They retain their 
position near the chalazal end. As endosperm development progres- 
ses, they spearhead the new tissue into the disintegrating nucellus 
(pi. 4, B). Eemnants of the antipodal cells may be recognized in 
ovules with 5-day-old embryos. They completely disappear before 
the endosperm reaches the distal end of the inner integument. 

The primary-endosperm nucleus is usually situated above the egg 
(pi. 8, A, -B), but often assumes a lateral position just before it divides 
(pL 7, JEi). The daughter nuclei resulting from its first division sepa- 
rate immediately; one retains i1^ position, and the other moves to the 
opposite side of the egg. A second and a third division follow, so 
that when the rest period of the egg comes to an end four or more 
endosperm nuclei are present in the embryo sac (pL 4, 

Two-celled embryos were found abundantly in material collected 
at 11 a. m. from field-grown plants at State College, N. Mex., and 
signs of fertilization were not observed before 7 a. m. It appears 
that the length of the rest period is about 4 hours, or double the time 
it takes for the poUen tube to traverse the length of the stigma and 
discharge the sperms into the embryo sac. 

THE CARYOFSIS 

DEVELOPMENT OP EMBRYO 

The fertilized egg divides transversely into two cells (pL 7, i). 

The basal cell then divides again, also transversely. Thus wall 
formation in early emhryogeny is in basipetal succession for sorghum 
as for other grasses (5, 16). The third division is in the apicfl cell 
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mill > vruic-jil The fourth occurs in the basal cell and cuts off the 

susptii>'or„ . , . ' 

The iisoi iiiilial divides several times, trails versely. The 

iiewlv foriiicrl cells enlarge greatly- (pi. 9, A, B) and push the embryo 
tmnj inmi the micropyie (pi. 9,. C, D). The suspensor is visible as 
ti liistiiict organ up to the seventh day (pL 10, A), but finally it is 
cnislied ami absorbed by the cells of the endosperm. 

Data mi growth andmlifferentiatioii in the embryo are given in 
table 1. Growth is at first symmetrical. The young embryo is 
lilifoiiii, then it is (‘hib-shaped— pointed at the micropylar and blunt 
at thr distal end. By the sixth day it. has become roughly lozenge- 
shaped; it is tliickeshat the middle and its lower end is attenuated 
and is coiitiiinous with the suspensor (pL 10, A), 

Tlie first visible sign of organ differentiation is development of an 
indentation bthnv the apex of the posterior side of the embryo. The 
portion above tlie notch develops into the upper part of the scutellum. 
Below the notch a ring of tissue bulges upward, enclosing the growing 
point of the stem apt^x (pL 11, A). . The edges of the concentric bulge 
ultimately unite, with the result that the eoleoptile is formed. Within 
the coleoptih^ there develop in rapid succession the initials of several 
foliage leaves. 

During tiie period of expansion and differentiation the scutellnm is 
rapidly enlarging, mostly in. its upper part (pL lO, B). The lower 
pari, c>uc*e li begins to gi*ow, develops rapidly (pi. 10, C). It reaches 
the micropylar end of the sac before the twelfth day (pi. 10, D). As 
the scutellum enlarges it expands laterally into two wings, wdiich fold 
to form a jacket enclosing the embryo. The cells of the scutellum 
in contact with the endosperm form a weakly differentiated epithelium, 
wliich becomes eoiispicuous as soon as the seed begins to germinate. 


Table l^—RepreMf^datire memuremenis of mules^ endosperms, and embryos of 
Horghuni mdgmre and ages of embryo ai ivhich internal differentiation took place 
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With the appearance of the first-Miage-leaf initial, active cell 
division begins in the meristematic zone in the lower part of the 
embryo, with the result that ttte primary root is formed (pi. 10, D). 
A progressively widening cleft splits the outer parenchyma tissue 




Early embryogeny : A, Young embryo with large suspensor; X 525. B, Four- 
tiered embryo with upper part of suspensor showing; X 525. C, Ovule with 
5-day-oid embryo, in w^hich endosperm has replaced almost all nucellar tissue ; 
X 30. £>, Four-day-old embryo with long suspensor; X 155. em6, Embryo; 

endoSj endosperm; nuc, nucellus; smp^ suspensor. 





|;>k\ V^:;;i<^r'^ 1 




ikM'H 


6-day-dd embryo with long suspensor; B, 7-day-rold 



Plate it 
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Median sagittal sections of (A) mature embryo and (B) lower part of mature 
embryo, X 65. J5, X 75. colj Coleoptile; coleor^ coleorhiza; first 

foliage leaf; gp, growing point; np, nodal plate; pr, primary root; rc, root cap; 
sc, scuteUum; scf, scutellum trace. 



Plate 12 


ncpr-wiiiiitl'.n in Sorghum ATulgare 



I, Loiigltiiciiiinl seeiic® tliroiigli Tia^ pWe and adjacent tissues of embryo, 
showing continuity of metaxylem ' X 150. B, Lrongitudinal section' 
through root zone and nodal piafe of esal^jo; X 150. coleor, Coleorhiza; 7nx^ 
metaxylem vessei; np, nodal plate* ' , . * 
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away from the root proper (pi. 10, E). As the rootlet increases in 
lengtli the deft extends downward, so that at maturity the lower part 
of the tissue becomes a sheath- (pi. 11 , ^), the coleorhiza, enclosing, 
the root proper. Between, the tip- of the root and the root sheath is a 
triangular group of cells, the- root cap, which develops through the 
activity of a calyptrogeii /located in the upper part of the root cap, 
at the ba.se of the rootlet. 

During the first 12 clays growth and tissue differentiation proceed 
rapidly, especially in the root region. Strands of procambium a,.re 
definitely evident in the scutellum as early as the eighth day, and the 
large metaxylem initials of the axis appear the eleventh day. The 
embryo is completely formed by the twelfth da}-". It rapidly increases 
in bulk until the seed is mature. 

DEVELOPMENT OF ENDOSPERM 

Tlic four or more free nuclei formed within the embryo sac by 
division of the primary-endosperm nucleus take a peripheral position, 
leaving a large central vacuole (pi. 4, E). Wall formation takes place, 
proceeding toward the center until the whole sac is completely filled. 
As the embryo grows, the endosperm forms rapidly (pL 9, C) until it 
has completely displaced the nucellar tissue. At the base of the ovule 
the endosperm cells are small, elongated, and angular. The nuclei 
of the mature endosperm cells (pi. 4, F) are very large, often measiiriiig 
15 p. ill diameter. 

Deposition of starch begins on the sixth day in the cells at the end 
of the caryopsis farthest from the embryo and proceeds downward 
and outward until all cells are filled except those of the surface layers. 
The outermost cells, forming the aleurone layer, are roughly rectangular 
and much smaller than the other cells of the endosperm. This la^^er 
becomes distinct ’when the embryo is about half grown, approximately 
on the ninth day after anthesis. 

STRUCTURE OP MATURE EMBRYO 

The mature embryo, which lies in the basal portion of the caryopsis^ 
consists of a primary root, a short axis, the terminal plumule, and the 
scutellum. The plumule is enclosed within the coleop tile, and the 
primary root is sheathed by the coleorhiza. 

The mature embryo has a complete procambial system but no m<^ ture 
vascular elements. The rootlet is polyarch, with nine protoxylein- 
group initials arranged in a concentric ring. Near the center are two 
metaxylem vessels of very large lumen. They extend upward to the 
base of the coleop tile node, there bend obliquely outward, and soon 
terminate. These vessels can be traced from the tip of the root 
through the first transa.xis plate, -at which tliey are ■ sliglitly deflected 
(pi. 12, zl, JS), and on up the stem. 

A cross section just above the upper level of the coleorhiza cuts 
through the first nodal or transaxis plate (pL 13, .^4, C). This region 
is characterizeci by transversely or oblicjuely running procambial 
bundles. Above the nodal plate the various strands are arranged 
in two groups of unequal size, which are separated from each other 
by two metaxylem vessels. The larger of the two groups is deflected 
obliquely outward toward the scutellum, taking on the shape of a 
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liorseslioe in its outward passage (pi.- 13, Tlie terniinal part of 
liie iiorseslioe-shaj^ed group extends out into tlie scutelluni'^ (pL 13, 
D)^ and tlie two wings of the hoiseshoe ascend to the coleoptile node, 
where they supply the traces for the coleoptile (pL 13, F) and take 
part in the Tascularization of the leaves of the plumule. The smaller 
of the two groups formed above the nodal plate, designated by 
Sargant and Arber (15) the median trace (pi. 13, D), ascends un- 
changed to the base of the coleoptile node and then breaks up into 
several strands, which extend obliquely outward and supply the 
principal bundle and some of the lateral bundles of the first foliage 
leaf fpL 13, 

STRUCTURE OF SEED COAT 

The seed coat of sorghum consists of fused pericarp and testa (pi 
14,, A'), as described and illustrated by Winton {19) and Swanson 
118). 'The pe.ricarp is essentially the ovary wall. At maturity it 
has about the same number of cell rows as at time of fertilization; 
changes during embryo development are restricted to cell growth 
and cell-wall tMckeniiig. 

In the mature seed coat the outer portion of the epidermis of the 
pericarp is made up of a layer of small, thick-availed cells capped by a 
heavy cuticle (pi. 14, B). The cells of the next two or three layers 
are also thick-walled but much larger. Next comes the broad inner 
zone, or mesocarp, composed of large, thin-walled elongated cells 
containing starch. This layer varies in thickness, being widest in the 
region opposite the embryo ^pL 14, A). According to Winton (19), 
it varies in thickness to a'marked degree among different varieties of 
sorghum. The inner layer of the epidermis is composed of long 
tubular cells extending lengthwise of the seed. In cross section these 
cells appear circular or roughly elliptical (pL 14, J5). Just inside this 
layer are the cross cells — narrow, elongated elements forming a narrow 
jacket one or several layers thick. 

The testa (pi. 14, B, 0) is ontogeneticaUy the inner layer of the 
inner integument and is conspicuous because of its yellow or brown 
color. It is continuous except at the hilum. Toward the distal end 
the cells of the testa are greatly elongated. The palisadeiike form 
these cells have at time of fertilization (pi. 2, B) is more pro- 
nounced at later stages. When the embryo is approaching maturity 
these cells have enlarged and their inner end walls have thickened 
greatly, but their radial walls remain relatively thin. The cells of 
the testa are thinner and lighter colored over the embryo than in 
any other region. 

opening through the inner integument corresponding to the 
hilum is filled, with rows of thin-walled parenchyma cells in which 
thick-walled fibers differentiate as the seed matures. The outer 
cell layers are darkly pigmented and correspond to the closing tissue 
of the hilar orifice d^cribed by Harrington and Crocker (S) for 
the caryopsis of Johnson grass. 

SEEDLING STRUCTURE 

The seedling structure of grasses is well known. That of sorghum 
has been described in some detail by Sai^ant and Arber { 15 ), 
and more recently by Keznik { 14 ), in connection with studies on 
homologies. 
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Cross sections of young embryos: A, First nodal, or transaxis, plate. B, Horse- 
slioe-siiaped procambial bundle (at rigM), metaxylem vessels, and median- 
trace bundle (at left) . 0, First nodal plate of embryo 24 hours old. D, Action 

of 24-hour embryo taken slightly above that illustrated in B, Scutelium trace 
already departed and flanges of horseshoe-shap)ed procambial bundle broken up 
into four strands. E, Section of coleoptile node showing splitting up of median 
trace. F, Section of coleoptile node showing departure of coleoptile traces. 
AH X 110. colty Coleoptile trace; mi, median trace; mx, metaxylem vessel; rip, 
nodal plate; sd, scutelium tra(^. 
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The structure of the seedling axis between sciitelliim and' coleoptile 
is imiforni except that the tissues in the lower part are mature (pi. 15, 
..4,) whereas those just below the coleoptile node are meiistematie 
(pL 15, B), The coleoptile node, itself (pi. 16, ^4) has a massive cen- 
tral xyle.m plate from w.hich the elements of tire various traces depart. 
Essentially the vascular tissue of the axis consists of three double 
groups, which in plate 15, B, are designated a, a/; 5, and c, rh 
Sargant and Arber (75) designate the first two of these double groups 
the lateral traces and tlie third the median trace. As is shown in an 
earlier paragraph, the la.teral traces supply the traces for tlie coleoptile 
and take part in the vascularization of the plumule, while the median 
trace supplies the principal bundle and some of the laterals’ of the first 
foliage leaf. 

The vascular tissue of the lower part of the axis (pL 15, A) is sur- 
rounded by a thick-walled endodermis of the type found in the root. 
Within the endodermis are two layers of thick-walled, lignified 
pericyclic cells. Alternating with the phloem groups and abutting on 
the pericycle are six relatively large, thick-walled xylem elements 'with 
scalariform-pitted walls. They are in continuity with the protoxylem 
points of the root, but all the protoxylem cells of the axis above the 
first node are centripetal in relation to the phloem groups, with which 
they form collateral bundles. The t^vo large metaxylem vessels of the 
root also are present. Their location is somewhat eccentric between 
the lateral traces and the median trace (pi. 15, B). The portion of the 
axis just below the coleoptile node contains little xylem and lacks the 
thick-walled endodermis and pericycle (pi. 15, B), 

It is generally agreed that the first transaxis plate, with its trans- 
versely running procambial strands (pi. 13, A, C), constitutes the 
first node. TVliether the scutellum, with its solitary endareh bundle, 
and the coleoptile, with its two traces, constitute the cotyledon and 
the first foliage leaf is a moot question. Both have a greatly modified 
leaf stracture ; and the complicated leaf-trace relationship, especially 
in the coleoptile, adds confusion to uncertainty. 

The axis interval between fijrst node and coleoptile has been variously 
interpreted as mesocotyl, hypocotyl, and internode. Its structure 
(pi. 15) deviates so widely from those of root and stem that it cannot 
be assigned to either category. It resembles the root in having a 
typical root endodermis, with silica knobs (characteristic of the root 
endodermis of sorghum and sugarcane), and a jacket of thick-waMed 
pericyclic cells. ,41so, the two large metaxylem vessels are continuous 
with those of the root. The protoxylem arches of the root, however, 
are each reduced here to a single large scalariform-pitted element 
(pL 15, A). Structural features corresponding to those of the stem 
are the presence of collateral bundles 'with prominent phloem and a 
few scattered centrally located protoxylem elements. This interval, 
contrary to the opinion of Avery C^), does not represent a true traiisi- 


EXPLANATORY LEGEND FOR PLATE 14 

Cross sections of mature caryopsis: A, Entire caryopsis; X 32, R, Pericarp and 
testa; X 610. C, Pericarp, testa, aleurone layer, and peripheral endosperm: 
X 275. alf Aleurone layer; emb, embryo; endos^ endosperm; per, pericarp; 
testa. 
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tioii ill the ficfvpied meaning of the term^ espeeially since it does not^ 
like that of the axis of a com seedling, contain exarch xjlem points 
alternating witli collateral hundles. Elongation, is by a meristeni 
situated (iiivetly below the coleoptile node (pi.. 16 , B)ras, according 
to ATcry is the ease with corn. Reznik (M) disputed this 
point, holding that growth in length is from an inteiyalary meristem 
located just above the first node and that elongation is acropetal. 

Whether the axis interval between the first transaxis plate and the 
coleoptile should be considered an intemode, specifically the first in- 
ternode, hinges on whether the coleoptile is considered the first foliage 
leaf. This is an entirely subjective interpretation for which no one 
has yet presented convincing arguments. Since the unique structure 
of this interval makes it neither root nor stem or hypocotyl, the term 
^‘‘mesoeotyl”, is descriptive and more acceptable than the designation 
'^dnteriiode.” 

SUMMARY 

Pollen development and macrosporogenesis in sorghum (Sorghum 
mdgare Pers.) are similar to those in other grasses. The synergids 
degenerate before fertilization. The antipodal nuclei also degenerate 
early, but the antipodal cells greatly increase in size and spearhead the 
endosperm into the disintegrating nucellus. 

Anthesis begins soon after midnight, but pollen germination is de- 
layed until daybreak. The pollen tube reaches the embryo sac wfithin 
approximately 2 hours after pollen germination. After fertilization 
the z 3 ^gote rests for about 4 hours. The polar-fusion, or primary- 
endosperm, nucleus divides earlier^ than the zygote, with the result 
that four or more endosperm nuclei are formed" before the rest period 
of the egg terminates. 

Organ differentiation in the embryo commonly begins on the seventh 
day and is completed by the twelfth day. The embryo continues to 
grow until seed is mature. The mature embryo has a complete pro- 
cambial system but no mature vascular elements. Its various organs 
are well differentiated, but objective interpretation of the nature of 
scutellum, coleoptile, and axis interval betw^een first node and coleop- 
tile off era approximately the same diflSculties as -when workers, on 
embryo and seedling structure in p^asses first attempted it more than 
a century ago. 
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section of axis of 8-day-old seedling above divergence of scuteilum trace . 
B, Cross section of axis of same seedling just below coleoptile node. Both X 
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mx, metaxylem vessel; ph, phloem group; px, protoxylem; s, sieve tubes: scaL 
scalariform-pitted element. 
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EXPLANATORY" LEGEND FOR PLATE 16 

A, Cross section of coleoptile node with massive central x^dem plate and periph- 
eral pldoein groups. R, lAingitudinal section of axis of l-day-oid seedling 
showing departure of scutellar trace (at left) and intercalary ineristem (above). 
Both X 150. colt, Coleoptile trace; im, intercalary meristem; s, sieve tubes of 
median trace of first foliage leaf ; sei^ scutellar trace. 




THE BRAZILIAN CURLY TOP OF TOMATO AND TOBACCO 
RESEMBLING NORTH AMERICAN AND ARGENTINE 
CURLY TOP OF SUGAR BEET ‘ 

By C. W. BennetTj principal pathologisif ' Dimsion of Sugar Plant InveMigatwis^ 
Bureau of Plant Industry, Soils, and Agricultural Engineering, AgriculUiral .i?e- 
search Adfuinistraldony United States Department of Agriculture, and A. S. CostAj 
pathologist, Instituto Agron67nicOy State of Sm Paulo, Brazil 

INTRODUCTION 

What seems to be the first report of a disease of the ciirly top type 
in Brazil is that made by Costa and Forster (S) ^ who^ in 1939^ de- 
scribed a suspected virus disease of tobacco {Nimtiana tab(hcum L.) 
in the State of Sao Paulo under the name ^^encarquilhamento da 
f61ha.^’ Although attempts to transmit the disease by grafts and 'by 
juice inoculation failed, it was suggested, on the basis of symptoms 
and apparent spread in the field, that the disease might be caused by 
a virus and that it might be similar to tobacco leaf curb Two forms, 
a rugose form and a leaf roll one, were recognized. It now seems well 
established that the former is a virus disease of the curly top type, 
whereas the leaf roll condition results from genetic factors. 

A disease that now appears to be caused by the virus that produces 
the rugose form of encarquilhamento da f61ha was described on to- 
mato {Lycopersieon escnlentum Mill.) by Sauer (10) in 1946. This 
disease causes the leaves of affected plants to roll and the plants to 
yellow and die. It was shown to be transmitted by the leafhopper 
Agallia albidula Uhl. from diseased to healthy tomato plants. On the 
basis of symptoms produced on tomato it was suggested that the dis- 
ease is of the yellows, or curly top, type. 

In 1947 Kramer (7) extended the Imown host range of the tomato 
disease by transmitting it by grafts from tomato to jimsonweed (Da- 
tura strammium L.), tobacco (vars. Turkish and White Burley), and 
petxuiia (X Petunia hybrida Vilm.). He obtained no transmission to 
these plants or to sugar beet (Beta vulgaris L.) by means of dodder 
(Cuscuta campesirisYxLnckeT). &amer reported also that attempts by 
Sauer to transmdt the disease to sugar beet hy means of Agallia aihidula 
resulted in no infection. 

Since the symptoms described by Costa and Forster (S) on tobacco 
and those described by Sauer (10) on tomato are so similar to those 
produced oo these plants hy sugar-beet cmdy top in the United States, 
it occurred to the writers that the described diseases in Brazil might 
be due to a single virus and that this virus might be related to that 
of sugar-beet curly top in the United States. Studies were started at 
the Instituto Agrondmico in Campinas, Brazil, late in 1946 and 
continued through most of 1947 to obtain further information regard- 
ing these suspected relationships. This paper reports the results ob- 
tained. For reasons that will be evident, the name ^^Brazilian curly 
top” is suggested tor the disease. 

* Received for publicatioii August 24, 1948. 

2 Italic numbers in parentiieses refer to Literature Cited, p. 692. 
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GEOGRAPHIC DISTRIBUTION 

Tlii‘ kncnvii ilistribiition of Brazilian curly top is somewhat limited. 
Anpiirmilv it occurs tliroughoiit the State of Sao Paulo wdiere to- 
and tohncco are grown. Of the ''muiiieipios” in wHcli Costa 
et al. I// * repealed occiirmice of encarquilliameuto da folha on tobacco 
ai 1942, records show that the rugose form wa,s^ identified in Braganga, 
lacaiigti, Pirac*k*al)a , Sao Bento do Sapucai, Socorro, and Tiete. 
IVheilior occurrence of the disease is coincident with that of the vector, 
whicii siHuns to have a widespread distribution throughout tropical 
America, remains to be determined. 

The conspicuous nature of the disease on botii tobacco and tomato 
and the fact tliat it was discovered relatively recently suggest that it 
may have l>eeii present in cultivated crops in the State of Sao Paulo 
only a few ytuirs. However, since it does not occur abundantly on 
toluicco ami thence is danger of confiisitig its syniptonis with those of 
other virus diseases on tomato, it is difficult to judge whether it is. a 
new clisfuiso or has been present for a considerable number of years 
without discovery. 

HOST RANGE OF BRAZILIAN CURLY TOP 

PLANTS INFECTED NATURALLY 

Toinat.o and. tobacco are the two plants of greatest economi,c im- 
portance attacked by Brazilian curly top. The annual loss from the 
disease probably is not very laige in the State of Sao Paulo, but in 
individual plantings of tomato as many as 10 to 20 percent of the 
plants are attacked in some seasoiis. In experimental plantings of 
tomato made on the farm of the Instituto Agronbinico, near Campinas, 
the disease has been more noticeable during the winter. It has not 
been determined whether this is due to a higher incidence during the 
winter or to a partial masking in. the summer by “'vira-cabega'^ (spotted 
wilt), which kills many of t& plants early in the season before symp- 
toms of curly top develop. However, it might be expected that the 
incidence of disease would be higher during the winter, since during 
this period much of the weed cover dries and there is a greater migra- 
tion of leaflioppers ‘from weed hosts to cultivated fields. 

Although the disease on tobacco is rather widely distributed, it 
rarely attacks a very high percentage of plants. As many as 6 per- 
cent .of some plantings have shown infection, but more often the dis- 
ease is limited to a few plants per acre. The amount of injury de- 
pends somewhat on the age of the plant at the time of infection, but if 
the disease appears early the yield and quality of the leaf are greatly 
reduced. 

The disease was found in one instance in a field of buckwheat 
{Fag&pymm eseiilenfum Afoench), but little is known about its prev- 
alence on this crop. 

The most important weed host so far as known is spiiw bur, or 
“carrapieho de carneiro^^ (Aeardhospermum Mspidum DC.). This 
plant occurs in considerable abundance in cultivated areas. During 
the summer of 1946-47 it was found to be infected in several locations 
near Campinas. In some areas where there was a more or less solid 
stand, about 3 percent of the plants were found to be diseased. Since this 
weed is also an excellent host plant for Agallia alMdula, it seems prob- 
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able that it is one of tbe important- sources of virus for infection of 
tobacco and tomato fields. 

PLANTS INFECTED EXPERIMENTALLY 

]\fore than 40 species and varieties of plants were inoculated^ vfith 
Brazilian ciiiiy top by means of the_leafhopper vector^ AgalMa albidula, 
Tlie sources of virus for these inoculations and the number of leaf- 
hoppers that fed on each plant varied greatly with the different species 
and varieties. Numerous virulifemus leafhoppers were used on plants 
that were difficult to infect, such as tobacco, and. fewer on those that 
proved to be more susceptible. The results of representative, tests, are 
shown in table 1. 

Table 1. — Results of tests of plants for suseeptihility to Brazilian eurlij top and. a 
hosts for reprodnction and survival of Agallia albidula, the vector of the curly top 
turus 


.Plants tested 


Acanthospermum Mspidum (spiny bur) 

Amaranthus cmidatm L- 

Amaranthus relroflexufs L. (pigweed)., 

Atriplex semUmccata R. Br. (Australian saltbush). 

Bda paiellaria M oq 

Beta vulgaris (sugar beet): i 

R. & G. Old Type - 

S. L. 68-.. 

S. L. 842 

U. S. 15 - 

U. S.33-... 

U. S.222 - 

Callistephus ckmensis (h.) Nees (China-aster).. 

Chenopodium album L. (lambsquarters) 

Coffea arabica L. (cotfee)- - 

Datura stramonium (jimsonweed) 

Datura sp. (triple-corolla type) . 

Erigeron bonariensis L. (fleabane) ... 

Euphorbia prunifolia Jacq. (amendoim).. 

Fagopyrum esculentum (buckwheat).. 

Gossypium hirsutum L. (upland cotton) 

Laduca sativa L. (lettuce) 

Lmumlewisii Pursh (prairie flax) 

Linum usUcdissimum L. (flax): 

Galor 

Rocket 

Lycopsrsicon esculenium (tomato) 

I^cotiana glauca Graham (tree tobacco) 

Nicatiana glutimsa L. 

Nicdiana iabacum (tobacco) .... 

Oxalis spp. : 

Large-leafed species .... 

Small-leafed species .... 

X Pdania kybrida (petunia). 

Pkaseolus mlgaris L. (field bean v^ar. Red Mexi- 
can). , 

Phyllanthus corcovadensis Muell. Ang 

Phytolacca americana L. (pokeweed). 

Pokulaca ol&racea L. (common purslane) 

Sida rhorabifolia L.. 

Solanum nigrum L. (common nightshade)..... 

Solarium tuberosum L, (potato) 

Spinada oleracea L. (spinach) .... 

Sfellaria media (L.) Cyr. (chickweed) ... 

Vinaa rosea L. (periwinkle) 

Zinnia elegans Jacq. (zinnia) 


Plants— 

Progeny pro- 
duced by leaf- 
hopper 

Survival of 
adult stock, of 
ieafhop]>er 

On which i 
virulifer- 
ous leaf- 
hoppers 
fed 

Infected 

K umber 

Nn rnber 



50 

20 

Many 

Excellent. 

5 

0 

do 

Do. 

2 

0 

do... 

Bo. 

31 

0 

do 

Do. 

4 

0 

.None 

2-5 days. 

41 

10 

do... 

Do. 

20 

1 

do 

1)0. 

20 

0 

do 

Do. 

21 

1 


Do. 

19 

2 


Do. 

20 

0 


Do. 

7 

0 

Many 

Excellent. 

2 

0 

Few 

Good. 

5 

0 

.None 

5-14 days. . 

25 

7 

Many 

Excellent. 

6 

0- 

do „ 

Do. 

1 

0 

Several 

Do. 

18 

9 



20 

16 

Many 

Excellent. 

5 

0 

None 

Poor. 

3' 1 

0 

Many 

F.aiF. 

29 i 

2 ^ 



8 

5 



34 

20 



54 

6 

None, 

Poor. 

5 

0 

_. .-do 

.Da. 

10 

1 

.do. 

Do. 

98 


do... ■ 

2-5 days. 

3 

0 

...do . - 

Fair. 

3 

2 

:.do. 

.Do.' ■ , 

2 

0 

do 

Poor. 

15 

0 

do ..... 

,2-5 days. ' 

2 

2 

.. ..do 

Fair ■ 

22 

0 

Pew. 

.Do. 

3 

0 

Many ... 

'Good. 

4 

0 

Few, 

Do. 

■ 2 

0 

Alany 

Do.' ■' 

9 

0 

.do, . ■ 

Excellent. 

■ ■ . 25 

20 

do 

Gf)od. 

27^ 

20 

do-'..., 

Do. 

3 

0 

None 

Poor.' 

9 

. 1 








1 Varieties released for commercial use by the Bureau of Plant Industry, Soils, and .Agricultural Engineer- 
ing are designated as ‘*U. SP varieties. '*S, DP refers to varieties maintained at the U. S. Sugar Plant 
Field Station at Salt Lake City, Utah, 
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Even i!i tin? seedling stage sugar beet appears to be verj resistant 
to infection. Tomato also shows considerable resistance to infection. 
In 1 lest with potted plants about 8 cm. tall in which 1 yiiiiliferons 
leafliopper was allowed to feed 7 days on each plants only 3 of 83 plants 
became infeciecL Other tests with larger numbers of leafhoppers also 
gave iow^perceiitages of infections. 

There is eyidence that tobacco is relatively susceptible to infection 
wlieii the plants are very small, but its resistance increases rapidly 
as the plants pass from the seedling stage. In a test in which 20 tiny 
seedlings were inoculated by means of 1 viruliferous leafhopper per 
plant, 5 became infected. However, no infection was obtained by 
means of single leafhoppers on plants with 6 to 10 leaves, and only a 
low percentage of ipfection was obtained on plants of this size on which 
larger iiiimbere of insects fed. In tests in which 10 to 50 viruliferous 
leamoppers were allowed to feed on tobacco plants with 6 to 10 leaves 
until the leafhoppers died, only 2 of 29 plants became infected. Of 
24 plants with 6 to 10 leaves that were inoculated in the field by means 
of 5 %imliferous leafhoppers per plant, none became infected. This 
difficulty in producing infection under greenhouse and field conditions 
is somewhat surprising in view of the fact, that as many as 6 percent 
of the pla,nts occasionally are infected in the field. 

The fact that tobacco and tomato appear to be very resistant to 
infection when inoculated by means of Agallia albidula and that the 
leafhopper survived on these plants for only a short time suggested 
the possibility that part of the natural spread might be due to the 
presence of a second vector. However, tests made in attempts to 
transmit the disea,se by means of several other species of leafhoppers 
have given no infection. 

Some of the species of plants, including Armranthus sp., A. mudaim^ 
CaUistephns cMnensis^ (Menopodmm album, Erigeron bonariensisj Lac-- 
turn mtim^ Sida rhombifolm, Solarium nigrum^ and S, iuberosmn^ that 
did not show symptoms in previous tests were tested further for sus- 
ceptibility. In these tests vigorous plants 10 to 20 cm. tall were 
selected, large cages were placed over each plant, and 50 viruliferous 
leafhoppers were introduced into each cage and allowed to feed more 
than 40 days. None of the plants devmoped symptoms of disease, 
r^ymphs were produced on all of these plants. When the nymphs 
were about half grown, some of them -were transferred from each plant 
to suitable test^plants of Datura stramonium j Fagopyrum esculentum^ 
or Stellaria m^edia to determine ’whether they were viruliferous. None 
of these t^t plants became infected, and it is assumed that the nymphs 
were unable to acquire virus from the plants on -which they hatched. 
It seems probable, therefore, that all of the species tested for sus- 
ceptibility in this experiment are extremely resistant to or immune 
from infection by the Brazilian curly top virus. 

^ In a series of transfer tmts made to study symptoms produced by 
luriis^froin different source, plants of tobacco, tomato, and spiny bur 
showing natural infection in the field were selected as sources, of 
inoculum for cro^- transfer Non viruliferous leafhoppers from 

stock colonies w’-ere allowed to feed on plants infected by viins from 
each of the three field sources and ihen were transferred to healthy 
plants of various species. In this manner the virus was transmitted 



June 15, 1949 Bmz'iimn Curly Top of Tomato ami Tobacco 679^ 


from diseased to liealthy plants of tobacco, tomato, and spiny bur, 
respectively, and from each of these to healthy plants of the other two 
species* Also the virus was transmitted from tobacco to buckwheat, 
cMckweed, and jimsonweed: and from tomato and spiny bur to^ buck- 
wheat, chickweed, and spinach. No differences were noted in, the 
symptoms produced by virus from the three sources on any of the 
species of test plants. These tests seem to prove conclusively that 
the rugose form of encarquilhamento da fdlha disease of tobacco de- 
scribed by Costa and Forster (5), the tomato disease described by 
Sauer (10), and the leaf-curling disease found occurring natoally on 
spiny bur are caused by the same virus. 

DESCBIPTION OF SYMPTOMS ON VAKIOUS HOSTS 

TOBACCO 

The first symptoms of Brazilian curly top on tobacco appear on 
the young leaves and consist of vein clearing and bending dovmward 
of the leaf tips and margins. As the leaves enlarge they become 
rolled and crinkled because of the restriction of growth of the larger 
veins. The veins become swollen irregularly and distorted. Under 
greenhouse conditions symptoms tend to become less severe as the 
plant matures, but usually symptoms are conspicuous on the flower 
parts and often both calyx and corolla are deformed because^of the 
irregular growth and swelling of the main veins. 

In the field leaves of diseased plants are curled downward, appear 
thick and brittle, and are smaller and more rugose than those of 
normal plants (fig. 1). Most plants observed have remained stunted, 
but there is evidence of a certain amount of recovery from the more 
severe early symptoms of the disease in some instances. A rather 



Figure 1. — Tobacco plants of the vaiiety Amarelinho pbotograpbed at the 
Estagao Experimental de Tiete of the Institute Agrondmico, State of Sao Paulo, 
Brazil, 1938: A, Healthy plant; B, plant affected with Brazilian curly top. 
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Imh f4 rt*fovt‘ry wm noted in field .plants primed back and 

triiiisp!«!iied, to [mts in the greenhouse. The first leaves produced on 
tlio <i!f*kers of these plants were dwarfed and rolled; soon, however, 
others that ^xvre more or less normal in size and sliape'were produced. 
Ill some plants recoverv was almost complete, and the m^ost conspicu- 
ous symptoms consisted of vein clearing in the younger leaves. It is 
of interest^ that tins type of reaction is characteristic also of tobacco 
affected with North American curly top. 

TOMATO 

Alioiit 15 to 20 days after infection tomato plants begin to produce 
young leaves tliat sliow a certain amount of vein clearing and are 
twisted or otherwise distorted and rolled upward (fig. 2,). Growth is 
markedlv retanled, and soon the older leaves become dull and some- 
what rolled. Later they appear thick and brittle and take on various 
shades of yellow, often tinged with purple. , Figure ;3, A,b, shows 


Firn-EE 2.-^Smal1 tomato plant showiag mrly stage of Brasilian curlv'top ehar- 
acteriaed by rolling and Iwisliag of young leaves. * ■ 
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a diseased plant w,ith typically rolled leaves and a generally stiiiited 
appearance. Diseased plants soon cease to produce fruit and even- 
t.ually die. In general appearance plants affected witli Brazilian curly 
top resemble to some degree those attacked by vira-cabega- (spotted 
wilt), but they can be distinguished readily from such plants hj the 
absence of necrotic spots on the leaves. 



Fiottre 3. — .4, Healthy (a) and diseased (b) plants of tomato under field condi- 
tions. The latter plant shows typical stunting and leaf rolling. B, Diseased {a) 
and healthy (b) plants of spinach of the same age. The diseased plant was 
small when infected, has produced very little growth, and shows typical dwarfing 
and leaf curling. 
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SPINY BUR 

Svmptoni.8 become evident in yoimg spiny bur plants about 10 to 
l.'> days after infection. First symptoms consist of increased blunt- 
ness anti slight turning downward of half-gi-own leaves. Young leaves 
may show inconspicuous vein clearing and a slight amount of vein 
swelling, but they are not deformed. Growth of the plant is markedly 
retarded, and leaves roll upward, turn yellow, and die prematurely. 
Diseased plants in the field are conspicuous because of their general 
vellow appearance, rolled leaves, and stunted condition. These symp- 
toms are very similar to those produced on spiny bur by IS'orth Ameri- 
can curly top, 

SPINACH 

Symptoms begin to appear on young spinach plants about 10 days 
after infection. The young leaves show conspicuous vein clearing of 
the type illustrated in figure 4, B. Vein clearing is very similar to 
that produced on spinach by North American curly top (fig. 4, G, a). 
Growth is markedly retarded, the few leaves produced are small and 
badly distorted and twisted, and the larger veins are swollen irregu- 
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iarly. ^ Soon the older leaves produced before mfection begin to yellow^ 
and the plants remain stunted and yellow until they succumb to the 
disease^ , The severe eflects of the disease on. plants infected when 
small are illustrated in figure .3, a. Larger plants may live for 
several weeks^ but growth is arrested and the plants are stunted and 
conspicuously pale or yellow. 

FLAX 

On susceptible varieties of flax the first evidences of disease consist 
of vein sweilings on the younger leaves, often resnlting in marked leaf 
distortion. The tips of the 'stems curve and turn downward. In 
the region of curvature and outward toward the tip, the stem becomes 
rough and swollen and frequently turns red- All leaves produced 
after infection are distorted, and there are swollen areas along the 
veins. Plants produce very little additional grow^th after they be- 
come diseased; soon the plant yellows, some of the leaves wilt and 
drop, and the plant dies. 

The Calor and Rocket varieties proved to be very susceptible to 
infection and were severely injured. Prairie flax appears to be much 
more resistant to infection and to be injured less severely when it 
becomes diseased. 


BUCKWHEAT 

Buckwheat is very susceptible to infection, especially in the seedling 
stage, and is severely injured by the disease. The younger leaves 
show distinct vein clearing; older leaves are badly twisted and dis- 
torted and frequently are rolled upward so that a part of the dorsal 
surface is exposed when viewed from above. Portions of the stems, 
especially those bearing the flower parts, may be crooked and swollen 
irregularly. Growth is retarded, and the plants are markedly dwarfed. 
If the plants are small when infected, they usually die before they 
produce seed. 

SUGAR BEET 

On sugar-beet plants the disease first produces a type of vein clear- 
ing that may he evident in most of the veins of young leaves through- 
out their entire length, but sometimes the cleared areas appear as 
circular spots or short lines. This vein clearing is indistinguishable 
from that produced on sugar beet by North American curly top. 
Vein clearing is accompanied by a certain amount of rugoseiiess and 
downward rolling of the leaf edges or by leaf twisting. As the leaves 
mature, the cleared areas turn a normal green and the veins become 
swollen and irregular. As the plant increases in size the symptoms 
become less severe. On older plants they consisrchiefly of vein swell- 
ings and irregulari ties most evident on the under side of the leaf 
(fig. 5, A). Sometimes spinelike outgrowths a millimeter or more in 
length are produced (fig. 5, B). In the more severely affected plants 
the upper surface of the leaf may show a certain amount of rugosity, 
probably resulting from the restricted growth of the veins. The leaves, 
however, are more or less normal in shape and size, and the plants show 
very little stunting. 




F[^:rKE 5. — .1, Leaf of i^ugar Ijeet affected with Brazilian curly top, showing vein 
swellings and irregularities associated with a certain amount of rugosity on the 
lower and upper surfaces. Leaf showing spiiielike outgrowihs from the 
veins of the undersurface. 

JIMSONWEED 

The first symptom of Brazilian curly top on plants of jimsonweed 
is vein clearing in the young leaves. The first leaves that show this 
characteristic are not curled or distoi'ted, but they do not grow to 
normal size. After these leaves mature, the larger veins appear as 
almost white lines when viewed from above. Leaves produced later 
are small, twisted, and otherwise distorted (fig. 4, A). The veins are 
swollen and very irregular. Stems of the new growth have short inter- 
nodes. Blossoms are small and distorted with swellings along the 
veins of the calyx and corolla. The corolla is sometimes wrinlded 
both longitudinally^ and transversely. Blossoms usually drop before^ 
opening- Plants may live indefinitely and are a deeper green than 
iiorinai ones, 

OXAUS 

A small-leafed species of Oxalk common in cultivated areas near 
Campinas is susceptible to Brazilian curly top; a common species with 
larger leaves appears to be immune. On diseased plants the, leaflets 
are smaller than normal and are distorted and twisted; the veins may 
be twisted or abruptly curved, producing bulges in the leaf, and some- 
tunes they have spinelike outgrowths. The petioles and stems are 
distorted and have outgrowths, often reddish in color, varying from 
small elevations to conspicuous enations 5 mm. or more long, and 
frequently restricted to one side. . The blossoms and seed pods show 
vtHii swelling and^ distortion. The plants do not turn yellow and are 
not so severely injured as certain other susceptible species. 
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CHICKWEED 

Cilickweed is Tery susceptible to infection and is severely injured. 
About 10 to 15 days after young ' plants are infecteds leaves at' tlie 
growing tips roll upward and become twisted and otherwise distorted. 
Sometimes on the main veins appear swollen areas which cause the 
leaflets to be curved abruptly. Growth is much retarded, the older 
leaves turn yellow, and the plant dies. 

TRANSMISSION OF BRAZILIAN CURLY TOR 

JUICE INOCULATIONS 

Seedling plants of buckwheat were inoculated with, juice from dis- 
eased spinach .and chickweed plants. In these inoculations the seed- 
ling plants were first sprinkled with an abrasive and then the. leaves 
and cotyledons were rubbed with a cloth pad saturated with juice. 
Immediately afterward the juice was washed from these plants with 
a fine spray. Similar inociilations were made on plants of tobacco 
and sugar beet. No infection resulted from any of these iiiociilatioris. 

TRANSMISSION BY GRAFT 

Since Kramer (7) had already shown that Brazilian curly top is 
transmissible by graft, only limited additional tests were made; these 
were designed primarily to compare the effects of the virus from dif- 
ferent localities and hosts. In these tests the disease wns transmitted 
from tomato to tomato and tobacco and from tobacco to tobacco and 
tomato. So far as observed the source of inoculum had no effect on 
the characteristics or severity of the symptoms. It was noted, how- 
ever, that when infected scions were placed in the sides of stems of 
tobacco plants frequently the plants continued to grow and blossom 
without showing symptoms of the disease. When the plants were 
pruned back and the diseased scion was grafted to the top of the 
stem, the growth from the lateral buds showed symptoms. In both 
cases production of symptoms, however, I'equired a longer time than 
is required for the production of symptoms on tobacco by North 
American curly top under similar conditions. This evidence indicates 
that invasion of tobacco plants by the virus of Brazilian curly top 
may be somewhat slower than that by the virus of North American 
ciiriy top. 

TESTS WITH INSECTS 

Transmission tests were made with a number of species of leaf- 
hoppers other than Agallia alhidvla. In general, in these tests plants 
of various kinds were swept with an insect net and the entire content 
of the net was put in a cage that was placed over diseased spiny bur 
plants. After the insects had fed 1 to 3 days on the diseased plants, 
they were transferred to healthy seedling plants of spiny bur. In some 
tests the species of leaf hoppers were not separated; in others each 
species was separated out and placed in leaf cages singly or in groups 
of two to five on small, healthy plants. Because no infection was 
obtained in any of these experiments, only one of the species of leaf- 
hopper was submitted for identification. This proved to be Agalliana 
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i'nr^lgrm OiiiaTi;^ tlie ^"^ector of Ajgertiue curly top Yirus. Limited 
trtirisiiiissiou tests were made witli tMs species. Iii one' experiment 
leafhoppers c^olleeted from tlie field were aflowed to feed on diseased 
spiny bur plants 3 days and then were transferred to smallj healthy 
loiiiatfi and spiny bur plants. Five leafhoppers were allowed to feed 
on each healthy plant. ' Of the seven plants of each' species on which 
the leaflv»ppers fed, none became infected. In other tests in which 
rather laiy^ niiiiibers of leafhoppers were collected from the field, and 
placed on healthy plants of spiny bur, no infection was obtained. 

CHARACTERISTICS, DISTRIBUTION, AND HOST RANGE OF THE 

VECTOR 

The vector of the ' 'curly top' virus is a pale yellowish leaf- 

liopper (Agallia albidula^ .... . it 3.5 mm. long in the adult stage and 
marked with light brown. ' ' ' 

According to Oman (8) this leafhopper is a common species in the 
Tropics of the Western Hemisphere. It has been reported from Cuba, 
Isla de Pinos, Puerto Rico, Dominican Republic, St. Vincent Island, 
St. Thomas Island, Trinidad, and the States of Rio de Janeiro, Minas 
Geraes, Matto Grosso, Pernambuco, and Amazonas, Brazil. It was 
distributed generally ■ around Campinas in the State of Sao Paulo, 
Brazil, during the summer of 1946-47 and through the following fall, 
winter, and spring. Probably the insect reaches its highest popula- 
tion density during December, January, and February, but this may 
depend to a large degree on the distribution of the rainfall and the 
host plants available. 

The insect was found on a wide range of host plants, including 
Acanthospermum hispidum, Portulaca oleracea, Amaranthus spp., Che- 
mpodium album ^ tomato, potato, sweet orange (Citrus sinensis (L.) 
Osbeck), and several species of gi*asses. Two important weed breed- 
ing plants appear to be A, Mspidum and P. ohracea. 

In order to obtain further etidence concerning the range of plants 
on which the insect is able to reproduce, an experiment was made in 
wMch plants of various types were placed in breeding cages kept in 
a greenhouse and 50 leafhoppers were put in each cage. Notes were 
taken on the time of appearance and the numbers of nymphs pro- 
duced. ^ At favorable temperatures nymphs began to hatch on some 
plants in about 14 days, and the first generation matiued about 40 
days, from the time the eggs were deposited. The plants on which 
leafhoppers were colonized are shown in table 1. Of these plants, 
Amnmmptrmum^ Mspidum^ Portulaca oleracea, Amaranthus caudatus^ 
Datura stramonium, potato, and Solanum nigrum appeared to be 
excellent hosts or rearing the leafhopper. Several others, including 
Sida rhombijolia and Chenopodimn album, were less favorable, but 
the survival of the original colony of leafhoppers was good. On 
several plants, notably sugar beet, tomato, tobacco, Beta patellaris, 
and Red Alexican variety of field bean, the insect did not breed and 
sur\dved oi fiy a short time. 

3 The authors are indebted to F. W, Oman, of the Bureau of Entomology and 
Fiant Quarantine, Agricultural Res^eh Administration, for identification of this 

insect. 



Jane 16 , 1949 Bmzilmn Guriy Top of Tomato and Toimeo 687 


THE VIRUS 

INCUBATION PERIOD IN VECTOR 

Tests were made to determine the period that must elapse between 
the beginning of feeding of leafhoppers on diseased plants and th^' 
time they becoiile able to transmit the virus to healthy pletits. ^ In, 
these tests iionviruliferoiis leafhoppers were allowed to feed f r periods 
of 2 to 24 hours on diseased plants. After feeding they were caged 
on healthy seedling plants of buckwheat and at intervals were trans- 
ferred to fresh lots of seedling plants. Table 2 shows the results of 
four of these tests. In test 2, one plant was infected in the 6-hour 
incubation series, but since no infection was obtained in the 8-, 24-, 
and 48-hour incubations in the same te - this result may not be re- 
liable. With this exception the incubijt^ig?. period as indicated by 
the results of these four tests appears to be 24 hours or more. In 
test 3, one plant was infected that was inoculated by means of leaf- 
hoppers in which the virus had a maximum incubation period of 24 
hours. However, more infection was obtained in the 48- and 96-hour 
periods, indicating that the infectivity of the leafhoppers increased 
with time up to at least 48 hours. 


Table 2. — Incubation period of the Brazilian curly top nirm in AgalUa alMdulO' 



2 Of 24 plants inoculated by means of leafhoppers in which the virus had an iucubation period of 72 hours 
9 became infected. 


RERIOD OF RETENTION IN VECTOR 

Two methods were used in attempts to determine the time virulifer- 
ous leafhoppers will retain the virus of Brazilian emrly top when they 
are not permitted to replenish their supply of virus by feeding on 
diseased plants. 

In the first of these tests, leafhoppers that had been reared on dis- 
eased spiny bur plants until they were about half grown were caged 
singly on seedling plants of spiny bur. Throughout the remainder of 
their lives they were transferred daily except Sunday to fresh seedling 
plants of this species. It w^as assumed that leafhoppers would not 
infect the test plants and recover virus during the 1- or 2-day feeding 
— -11 ' 
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pi^rioiL Tiu‘ obtained with 16 of these leaflioppers are sbowii 

iii table the number of plants infected during 37 transfers 

it is evident tliat the virus is retained for considerable periods. It is 
doiilitfiii wiiotlier there is evidence of depletion of virus content of the 
leafhoppers over the period shown. However, leafhopper § lived 
tiiroiigh 7 additional transfers (not shown pii table 3) and^did not 
transmit, making 28 successive transfers without transmission after 
transmitting to 6 plants of the first 16 transfers. Also, leafliopper 7 
survived, through 44 additional transfers (not shown in table 3), trans- 
niitted on the forty-fourth and fifty-seventh transfers, and then failed 
to transmit in the next 24 successive transfers. These results indicate 
that it may be possible to exhaust the store of virus in leafhoppers by 
siiccessiveiy transferring them to fresh healthy plants, provided the 
insects live long enough. This would indicate that the virus is not 
able to maintain its original concentration in the leafhopper under 
such conditions and is evidence against multiplication of the yirtis in 
the leafliopper. 

The variation io the number of plants infected' by the different leaf- 
hoppers io' these tests indicates a wide difference in ability of individ- 
uals to transmit. This is characteristic also of Circulifer tetullm 
(Baker) (9)/ the vector of North American curly top virus. 

In a second test large nymphs and young adult leafhoppers were 
transferred from diseased plants to those of species thought to be 
immune from curly top. After feeding on the immune plants the 
original leafhoppers were removed at intervals and placed in leaf cages 
onliealtliy seedling plants of susceptible species. In each test nymphal 
progeny of the viruliferous leafhoppers were also transferred to the 
plants of susceptible species. ■ The results of these tests are shown in 
table 4. They give no evidence as to whether there was a decrease in 
■virus content of the leafhoppers daring their periods of feeding on 
immune plants, but they do show that some of the leafhoppers were 
able to retain virus for periods ranging from 42 to 85 days. The fact 
that the progeny of these leafhoppers were unable to transmit the 
disease when transferred from the breeding plants to healthy seedling 
plants of susceptible species indicates that the plants from which the 
insects ■were taken are immune from Brazilian curly top and also that 
thej^’-irus is not transmissible through the egg of AgalMa albid/ula. 

No extensive studies of the properties of the virus of Brazilian curly 
ta|> have been made. In a preliminaiy experiment the leafhopper 
vecUor was allowed to feed on liquid preparations of alcoholic precipi- 
tates of crushed viruliferous leafhoppers and of juice of. diseased plants 
of spinach and spiny bur and then caged singly on small plants of 
chickweed and spinach. In one test infection was obtained from the 
juice of spinach by this method. Since the precipitation was carried 
out in 50-percent alcohol, this test shows that the virus is not inacti- 
vated by this concentration of alcohol in short exposures and that the 
vhus is carried down in the alcoholic precipitate of spinach juice and 
can ^ be resuspended in water and taken up in the feeding of non- 
vinilifeims leaflioppers. Chie te^t to determine the thermal inactiva- 
tion point of the virus in which hquid prepm^ations were made from 

.This leafhopper was formerly called Stddttiic tenelhis (Baker), but recently it 
was transferred to the genus CirenHfer by Oman {&)» 
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Table A.~-~Edentmn- of virm hj Agallm aUMula during feeding on immune plants 
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alcoholic precipitates of hiice of diseased plaots of spinach and heated 
10 minutes at 5® intervals from 60® to' 80® C., inclusive, gave infection 
only in the test plants inoculated with the unheated preparation. It is 
not considered, how’’ever, that the thermal inactivation of the virus is 
below 60®, since at times similar results are obtained with the North 
American curly top virus, which is known to have a thermal inactiva- 
tion point betiveen 75® and 80®. 

DISCUSSION 

RELATION OF BRAZILIAN CURLY TOP VIRUS TO NORTH AMERICAN AND ARGENTINE 

VIRUSES 

One of the striking features of Brazilian curly top is its close re- 
semblance to North American curly top on the nost plants on which 
it has been observed. So far as determined the host range of the 
Brazilian curly top virus (table 1) is the same as that of the North 
American virus. This parallelism extends even to the severity of 
symptoms on most of the host plants. For example, both viruses 
produce severe symptoms on tomato, tobacco, jimsonweed, chick- 
weed, flax, spinach, and buckwheat. On these hosts it is doubtful 
whether the two diseases could be separated on the basis of symptoms. 
Potato, Red ^klexican variety of field bean, Chenopodium album, Atri- 
plex semibaeeafa, and Beta patellaris are very resistant to or immune 
fronl both of these viruses. On tobacco both viruses produce severe 
symptoms at first; then the plants recover to a considerable degree, 
Imt the recovery appeam to be more marked with North American 
curly top. The ^Calor and Rocket varieties of flax are very sus- 
ceptible to Brazilian curly top, but prairie flax is resistant. A similar 
reaction of these three typ^ of flax to North American curly top was 
reported by Giddings (5), 

The greatest difference in host reaction to the two viruses was en- 
countered in sugar beet. This plant is very susceptible to North 
American curly top, and certain varieties are injured severely. All 
varieties tested, including two that are veiy susceptible to North 
American curly top, appear to be r^stant to infection and to injury 
by the Brazilian virus. ^ Howev^,^R. & Q. Old Type, a variety that 
is very susceptible to North Ameri'Can curly top, appears to be more 
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susceptible to infection by the Brazilian curly top ¥irus than are 
certain Tarieties resistant to North American curly bop* 

The siiiiilarities between Argentine curly top and North American 
curly top haye been pointed out (1). The Argentine curly top ^dif- 
fers from the Brazilian type in known host range chiefly in the faUme 
■of the Ai^gentine yims to attack tomato and tobacco. 

It was suggested that curly top in Argentina and in North imeiica 
is produced % a ■complex of related virus strains and varieties {!). 
The xirgentine virus was considered to be a variety of' this complex. 
In some respects Brazilian' curly top is even more similar to North 
American curly top than is the Argentine disease. In view of these 
similarities it seems logical that the Brazilian curly top should be con- 
sidered related to similar diseases that occur in North America and 
Ai'gentiiia and that for the present at least the causal virus should be 
classified as a variety of the curly top virus complex of the Western 
Hemisphere. , 

In his system of nomenclature of plant viruses Holmes {6) designated 
the sugar-beet curly top virus Ohlorogenus euteitieola Holmes. Later 
Carsner and Bennett (I) suggested that the virus falls more logically 
in the genus Ruga of Holmes and renamed the virus Ruga verrucosam. 
The Argentine curly top virus was considered to be a variety of North 
American curly top virus and was given the variety name distans (Jf). 
Since the Brazilian virus appears also to be a variety of the curly top 
complex, it is suggested that it be given the variety name brasihensis 
because it was discovered in Brazil and, so far as now known, is limited 
to that country. 

PROPOSED NAME AND DESCRIPTION OP THE BRAZILIAN CURLY TOP VIRUS 

Ruga verrucosans Carsner and Bennett var. brasiliensis n. var. 

Virus causing severe disease of Lycopersicon esculentum and Nimiiana tahacum 
in the State of Sao Pauio, Brazil. Occurring naturally also on Fagopyrum escu- 
lenturn and Amnihmpermum hhpidumy the latter probably one of the chief sources 
of virus in nature. Cause of severe injury %o Datura stramonium, Linum usita^ 
iissimum, Oxalis spp., Spinacia oleracea, Stellaria media, and Zinnia elegans. Beta 
vulgaris susceptible to infection but apparently very resistant to injury. The 
induced disease characterized chiefly by vein clearing, swelling, and distortion, 
by leaf roUing and crinkling, and by dwarfing and sometimes yellowing of affected 
plants. Virus transmitted under natural conditions by Agallia alhidula. Per- 
sisting in the vector up to 85 days when feeding on immune plants, but not trans- 
mitted through the eggs of the vector. Resistant to short exposures to 50-percent 
alcohol, carried down in precipitate of spinach juice in 50-percent alcohol, and 
recoverable from the precipitate. Other properties unknown. 

^ Type locality, — Municipio of Campinas, State of Sao Paulo, Brazil. 

SUMMARY 

Evidence is presented indicating that the rugose form of the ^'en- 
carquilhamento da fdlha” disease of tobacco described by Costa and 
Forster (3) and a disease of tomato described by Sauer {10) are caused 
by the same virus. In addition, this disease was found on buckwheat 
(Fagopyrum esculentum) and spiny bur (Acanthospermum Mspidum)^ 
the latter a common weed of cultivated fields. It was transmitted 
by means of the leafhopper Agallia albidula to a wdde range of plants 
including tobacco, tomato, spinach, sugar beet, flax, jimsonweed, buck- 
wheat, spiny bur, oxalis, zinnia, and chickweed. 
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The .^viiiptoriis on tliese plants are very similar to those produced 
]>y 9 vr*iifA-)eet eiirly top in North America; however; sugar beet is 
resistant to iiiieetioii and. much less severely injured. 

The disease was transmitted by. grafts' but not by Juice inoculation. 

The vcvHor, AgMm (dbi(Ma, hns a wide range ol* host plants. ^ It 
breeds well on potato, eoiiimoii purslane^. pigweed, jimsonweed, China- 
aster. lettuce, coiiiiiioii nightshade, spinach, and spiny bur. The last- 
iiaiiiei! proliably is one of the important breeding plants in nature 
and one of the important sources of virus for crop plants. Apparently 
A. albulula cannot breed on tomato, tobacco, or sugar beet.^ 

Evidence from infection from, short successive transfers of individual 
leaflioppers on seedling plants indicates that the virus may be ex- 
hausted from certain insects but o.nIy after considerable periods. 

Leaflioppers infected healthy seedling plants 24 to 48 hours after 
ftH“diug on diseased plants, indicating that the min.imiim inciibatio.ii 
period of the virus in the le.afliopper was 24 hours or more. Viru- 
liferous leaflioppers vary considerably in their ability to transmit the 
virus. In some instances they retained virus for 42 to 85 days when 
feeding on plants found immune from the disease. Progeny of these 
leaflioppers reared on the immime plants, however, did not transmit 
the disease, indicating that the causal virus is not transmitted through 
the.'Cgg of the vector. 

The virus was precipitated from the juice of spinach in 50-percent 
alcohol and recovered by nonviruliferous leaflioppers that fed on a 
siispensio,n of tlie alcoholic precipitate. 

Because of the similarity in host range and in symptoms on various 
hosts it is thought that this virus is related to the sugar-beet curly top 
virus of the United States and to the curly top virus of Argentina; 
tentatively, at least, it should be classified as a variety of the curly 
top virus complex of the Western Hemisphere. In the system of 
classification and nomenclature presented by Holmes (6*), it is sug- 
gest chI that the virus be desigiiated- Ruga twrucosans Carsner and 
Bennett var, bramliemis n. var- 
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SOME MOLDS ON WOOD FAVORED BY CERTAIN 

TOXICANTS^ 


By Abthub F. Verb all. Plant Pathologist j Division of Forest Pathology f Bureau 

of Plant Indmtry^ Soils^ and Agricultural Engineering^ Agncultural Research 

Administfaiion^ Ifnited States Department of Agricidtiire 

INTEODUCTION 

During the past 6 3rears extensive field tests have been conducted in 
the Southern States on the chemical control of fungi on pine lumber 
during the air-seasoning period. Although these tests were primarily 
for the control of stain and decay fungij observations were also made 
on mold occurrence. Under most commercial conditions molds do 
not cause degrade in seasoning lumber; but under some circumstances, 
and particularly with wood for such uses as food containers, molds 
may become a serious problem. In this paper are presented field 
observations on molds favored by certain chemical treatments of 
pine lumber and data from laboratory tests made to determine why 
certain molds are favored by some fungicides. 

There are numerous reports in the literature showing that toxic 
chemicals are tolerated by certain fungi, particularly the molds. 
Arsenic compounds, for example, are tolerated by a number of fungi 
(5, 5);® organic mercury salts by Penicillimn spp. (S, 7); methyl 
salicylate by some strains of Forms igniarius Kickx (10); creosote and 
coal tar by Hormodendrum tesinae Lindau (8); fluorides, sodium 
bisulfate, formaldehyde, and arsenious oxide by Trichoderma and 
Glioeladium (7); copper sulfate ( 4 ) and copper naphthenate (J) by 
Aspergillus niger v. Tiegh.; and others. 

FIELD TESTS 

The field observations were all made on wood in small-scale stain- 
eontrol tests. For these tests 1- by 2- by 14-inch pieces of fresh green 
pine sapwood were dipped for about 10 seconds in aqueous solutions 
of fungicides. The wood was then piled in miniature air-seasonmg 
piles and covered to reduce drying. Mold development, together 
with stain and decay prevalence, was determined after 4 to 6 w^eeks^ 
exposure to natural infections. The chemicals that favored the 
development of molds are listed in table 1. 

The molds observed were generally outstandingly more prevalent 
and luxuriant on wood treated with the chemicals for which they are 
listed than on the untreated controls. Under these severe test condi- 

^ Received for publiGation July 26, 1948. 

3 In cooperation with Southern Forest: Experiment Station, U. S. Forest Service. 

3 Italic numbers in parentheses refer to Literature Cited,, p. 703. 
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T\v.hE l^Chemkids ihal jamr the demhpment of specific molds on treated green 

pine sapwood 


Chemical ^ Tests 

Concent ration of 
treating solution 

Fungus favored 

Bura\' 

Etliji riuTC'arie phcspltete 

■piienyl merciiiic aeetale 

Ciipric siiiuslliiuAiIe 

silicrtlw 

Nj< 1 iiin. if Dlluofi'je, 

Zine silitthliioride ’ 

Turiur emetk* ; 

Urea ^ I 

JS,' umber 

40 

4 

a 1 
n 

31 

n 

1 

M 

Percent 

1.4 to 3.4 
0. 061 to 0. 015 

1 0. 001 TO 0. 1)15 ^ 

I 1. 2 and 2, 4 

: 1.7 and. 2.9 i 

‘ . . 1.9 and 2.9 ^ 

0.7 i 
0.5 j 
4.3andS.6 1 

AUernaria.^ 

Penieillium cyeiopium Westliiig. 

Do. 

Trichoderma riride Fr. 

Do. 

Do. 

Do , 

1 Do. 

1 Trichoderma and Penicillmm. 


i Phenyl me reorle aci*f lite of c*. p. grade; ail other chemicals of technical grade. Ethyl mercuric phosphate 
in a proprieiary containing 6.25 percent mercurial in boras and talc. 

• Associated with the smoky-gray mold mentioned by SchetTer and Lindgren (S) on boras-treated pine. 
Further isolatioiis would be necessary to establish that AUernaria is the only fungus concerned. 

^ The I silieolluorides were tested in 3 st‘parate tests even though each was tested but once. 

* Not favorable to molds at SO-perc^nt concentration as used for chemical seasoning. 

tioiis the fuDgi listed in table 1 were usually abundant on the treated 
wood, and molds other than these were usually mconspicuous or 
absent. On untreated controls in the same test piles AUernaria^ 
PenieUlium.j Tfichoderfua, and other molds occurred to some extent; 
but usually tlie total mold growtli was markedly less than on the 
treated wood. PemciUimn and Trichoderma were observed on wood 
treated with a number of other chemicals, but the amount was not 
appreciably greater than that on the untreated controls. 

The development of Penicillmm on pine wood treated with ethyl 
mercuric phosphate is of particular interest. It has been found to be 
favored by both ethyl mercuric phosphate and ethyl mercuric chloride 
(7). Some strains of Penieillium sp. also have been reported as being 
highly resistant to other organic mercurials {$) . In the present studies 
the extent and luxuriance of Penieillium were apparently increased by 
treatment of pine wood with 0.001 percent of ethyl mercuric phos- 
phate and the increase eontmued with additional concentrations of 
the mercurial in the treating solution up to 0.015 percent, the full 
strength ordinarily used in lumber dipping (table 2). Full-strength 
solutions were used in a total of 40 tests. In nearly all of these the 
molding was heavier than on the untreated; the average mold rating 
was 2.2, as against 0.2 for the untreated. 

Ethyl mercuric phosphate is differentially adsorbed from commercial 
lumber-treating solutions (ff) so that they become progressively 
weaker as wood is passed through. It was found that the amoimt of 
fungus stain increased tvith continued use of the solution. The 
amount of PemcUlium^ however, decreased as the solution weakened 
(table 3), , . 

LABORATORY TESTS 

While in the field tests specific fungi grew more luxuriantly on 
treated wood, the tests did not show whether this increased develop- 
ment was due to a direct effect of the toxicant on the molds. Therefore, 
laboratory tests were made to ascertain this point for ethyl mercuric 

phosphate and sodium fluoride. ' 

The following fungi were used: ' 

Pemcillium cydopimn (Gulfport 177), isolated from pine lumber' 
treated with 0.015 percent ethyl m^curic phosphate. This is appar- 
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Table of Pemcillkim on green pine sapumod Ireated with mtions 

mncerdraiiom of ethyl mercuric phosphate ^ * 


Mercurial i.n treating solo.t1on (f>er* 'i 
cent.) ' i 

Area showing Penkil- \ 
Imm s ’ 

Pe7ikiliiii7n ^ 

Test 1 ; Test 2 

1 Test 3 

Test 4 

Test 5 

Test 6 

Test 7 

I’est S 

0 (undipped) ' 

Pereeni. 

0-1 

Percent 

: Permd ': 

1 0 ' 



1 + 

I + 
i 0.6 

1 ■ . 9 

1 i 

0.4 ' 

’ M 

i + 

1 1 

0 fwateKdipped) , 

\ ■ + 

1' -f : 

-f 

0.00! i 



0.002 I 

13 




i.3 

2. 0 i 

0.003.... .. J 

1 

i 


0.004. ' 

^ i 

i 

1 21. 

17 : 

2.0 : 

r""'i:7"; 

' 1.2 i 

; ..I, 

0.005.... 

2.4 1 
3,0 1 
3. 2 1 
i 3.5 i 

0.006.. 






i 


0.008... ,... : 



' , j 




.5 

(U)ll 



. * I 




0.015... 

84 

79. 

64 ; 

io : 

1 3.7 i 

3.7 1 

2.4 1 

1. 8 


J Mercarial In a proprietary eontaining 6.25 percent .mercurial in. borax and talc. 

2 This table includes all the tests enumerated in table 1 for which the.re were co.ncentratio.ns below 0.0,15 
percent. 

® H- indicates a trace, of growth. 

^ 0 (none), i, 2, 3, 4, and 5 (very heavy). 


Table 3. — Development of PenicilUum on. green pine sapwood serkiUy dipped in 
solutions of ethyl ynercnric phosphate * until SO or 00 percent of the volume of the 
original solution was consumed 


Volume of treating solution 

PemdlUum rating ^ i 

Volume o.f treating sr>lufio.ii 

PemeUPum ratmg 2 

consumed (pereeiit) 

Test AS 

Test B 4 

consumed (itereentj 

Test A s 

T(?st B « 

n-10 

~ 

2.0 

4. 2 

61-70 

Cl. 8 

2.4 

11-20 

2.0 

3.6 

71-80 

,6 


21-30 - 

1.8 

3.3 

3.0 

81-90.., 

31-40.. 

1.7 

X^ndipped 


. 2 

41-50... ' 

1.3 

2.5 

2.3 

Water-dipped 

(“) 


51-60 

.8 




t Mercurial in a proprietary containing 6.25 percent mercurial in borax and talc. 

2 0 (none.), 1, 2, 3, 4, and 5 (very heavy). 

3 Original solution, was 0.5 gallon of O.OflS percent ethyl mercuric phosphate. Average, number of tes,t 
pieces per volume-reduction category was 27. 

^ Original solution w^as 1 gallon of 0.015 percent ethyl mercuric phosph.ate. Average number of test pieces 
per volume-reduction category was 44. 

s Trace. 

eiitly the same fungus listed by Scheffer and Lindgren (7) as Pi 
expanswm. The fungus mentioned by them as mercury tolerant was 
identified by Charles Thom as “P. expanmm or some nearly related 
strain of this very common group. Gulfport 177, however, was 
identified at the Northern Eegional Kesearch Laboratory as the very 
closely related species P. cychpium, 

, Trichoderma mride (Gulfport 178), isolated from pine lumber tre,ated 
with 5-percent sodium fluoride. 

CeratostomeUa pilifera (Fr.) Wint.- (Gulfport 146), isolated from 
pine lumber. 

The sodium fluoride used was of a technical grade. The mercurial 
was in a proprietary containing 6.25 percent ethyl mercuric phosphate 
in borax and talc. Tap water was used in preparing the solutions. 

For the first tests green pine sapwood was dipped for 5 seconds in 
aqueous solutions and immediately placed in moist chambers. These 
were allowed to stand for 24 hours so that the free toxic solution on 
the surface of the wood would be dissipated before their inoculation 
with 5-mm. disks of the mold cnlonies on malt agar. Incubation %vas 
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at ronm innpoiatm-e. One block of wood (K by 1 by 2 inches) dipped 
it! each concentration was placed in each chamber. The fluoride and 
the mercurial were tested at different times. Five to eight replications 
W('ri> made for each category. The wood used ivas longleaf pine 
iPhiUs pahisfrh Mill.) and loblolly pine (P. taeda L.) sawed from the 
log about 2 days previously. Although bright at the time the tests 
were started, the wood was undoubtedly infected with a number of 
stain and mold fungi and other organisms. Half of the blocks were 
sterilized in an autoclave for about 20 minutes at 8 to 15 pounds’ 
pressure to kill any organisms present; the other half were left unster- 
ilized so that the inoculated mold w*as in competition with the micro- 
flora present in the wood at the time of collection. A few sterilized 
and unsterilized pieces were left untreated as controls, and a few pieces 
were inoculated with Ceratostomella pilijera, the most common stain 
fungus on green pine. The blocks for 0 concentration were dipped in 
water. 

PENICILLIUM CYCLOPIUM ETHYL MERCURIC PHOSPHATE 



concentration of treating solution (PERCENT) 

Fioubb 1. — Relative amouat of mold on heat-steiilized or unsterilized pine sap- 
wood treated with ethyl mercuric pheephate or sodium fluoride and inoculated 
with pure cultures of PenicUlium ct/dopium or 'Trichoderma viride, respectively. 
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After, 2 weeks* incubation the mold growth on the, blocks was rated 
on an arbitrary scale of 0 (none) to 5 ^(very heav}’) based on area 
molded and luxuriance of the mold. Stain was recorded as percentage 
of area stain, ed. The data are given in tables 4, and 5 and .ligiire 1. 


Table 4.’~~-Development of Pemcillium cyclopium and Ceratostomella pihfera on 
unsterUized and heatsterilized pino sapwood dipped in solutions containing 
various concentrations of ethyl mercuric phosphate ^ 


Mercurial in treating solution (fMjrcent) 

Unsterilized wood 2 

Sterilized wood 

Penidllium 
rating 3 

xirea 
stamed * 

PenkUlium 
rating ^ 

Area 
stained ^ 

0 

0. 2±0. 0 

1. 6d= . 23 
1. 9d= . 37 
2,4=b .37 
2. 6=b . 25 
2.1d= .49 
■ 2. 5± . 62 

Percent 

54 

2.7±0.3S 
2. 6±, . 40 
3.6± .36 

3.1± .28 i 

2. 6± .42 i 
1.9± .39 ^ 

1 . .33 

Percent 

5 

OfUClISTfi 

0.0()375 , , 

4 

0 

fj 

0.015 . . - - 

3 

0 

0 OM . 

0. (M-I 







i Mercurial in a proprietary containing f>.25 i>ercent mercurial m borax and tale. * ^ 

On unsteriJized, untreated, uni,iiocuIated bloc.kSt 49 f^rcent.of the area stamed and a trace of mold oc- 
curred. Sterilized, untreated, miinoculated. blocks remained sterile. 

3 0 (none), 1, 2, 3, 4, and ,5 (very heavy). , „ . , x v 

Mold and stain data from separate sets of wood blocks; all stain presumai to be due to Ceraifmomem 
pifi/cra. 


Table 5.— Development of Trichoderma viride and Ceratostomella pilifera on un~ 
sterilized and heat-sierilized pine sapwood dipped in solutions containing various 
concentrations of sodium fluoride 


Fluoride in treating solution (percent) 

Unsterilized wmod ^ 

Sterilized wood 

Trichoderma 
rating ® i 

Area 
stained ® 

; Trichoderma 
rating 2 j 

Area 
stained ® 

0 

0.4±0.12 
2.8=h .49 1 
a.idb .24 
1.4± .44 : 

Percent 

§7 

m 

0 

3.3±0.40 
2.8d= .34 
1.4d= .30 
.l=b .01 

Percent 

100 

40 

0 

■ 0 



4 



i On unsterilized, untreated, uninociilated blocks 15 percent of area stained and TTi€k04&w§ got a rating 
of 1,0. Of the sterilized, untreated, uninoculated blocks 1 of 4 showed stain. 

3 if okfSid Stain data fromTSaratJsets of wood blocks; all stain presumed to be due -to CerstostmMa 
pilifim. 


There was a sigaificaiit increase in the amount of PenwilliuM on 

the unsterilized wood treated with ethyl mercuric phosphate as com- 
pared with that on the untreated. The increased growth on im- 
sterilized wood with each increase in concentration of the mercurial 
in the treating solution (fig. 1) is of low apparent significance because 
of the large standard errors (table 4), The rather large standard 
errors shown in this table (also in table 5) are partly due to the dif- 
ficulty of standardizing the arbitrary ratings used and to possible 
differences between the extraneous organisms present on the blocks 
in the same moist chamber. However, in six of the seven replica- 
tions there was a definite upward trend as the concentrations m- 
creased from 0 to 0.0075 percent and in four of these six cases up to 
0.015 percent. Even at 0.06 percent, four times that needed to give 
control of stain and of most mold fungi, there was much more Pern- 
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1 121111 oii \he untreated wood. Therefore, these data substan- 
hat I* Held* tests, shoidng an increase in molding with increased 

ruafciiiratioii and a marked increase over that on the. untreated 
WihkI. 

Ill tiie stiuilized series the increase in gro\dh of PenicUlium, when 
the roiiuniratioii of the treating solution was increased from 0 to 
o.fifldr.j pen cent cannot be considered significant because growth at 
thi‘ lowin' tliri^e concentrations was midulj influenced by two of the 
eight leplicatioiis. The indication is that the growth of Penicillmm 
in till stiailizt ii series decreased gradually as the concentration of the 
nierdirial increased. The gradual slope of the curve between 0.00375- 
and U .Od-perreiit concentrations further indicates a high degree of 
tolerance to tiie mercurial. Sterilizing the wood increased the level 
of molding on the untreated wood as much as did the fungicidal 
treatment. 

, III tilt* iiiisterilized series (table 5) Tnehoderma- grew significantly 
more on wood treated with sodmm fluoride than on untreated wood. 
There wasyio significant difterence between the growth at 1-percent 
conrentration and that at 2-percent, but the 4-percent concentration 
appeai’ed_ too strong for the best growth of the fungus. In the ster- 
ilized series there was a large increase in mold on the untreated as 
compared ivitli the imsterilized, untreated series, similar to that in 
the case of PcnkUUum. On the sterilized wood the curve of growth 
is a typical toxicity curve with no indication of any increased fungal 
growth due to the fluoride. 

The data show that on wood ethyl mercuric phosphate was less 
toxic to Penicilliura than to the stainer Ceratostomella pilifera. Also 
sodium fluoride was less toxic to Trkkoderma than to 0, pilifera. In 
one test on malt agar, C. pilifera showed only a trace of growth at 
concentrations of 0.00014- and 0.00025-percent ethyl mercuric 
phosphate wdiereas Penicillmm grew well at 0.0005 percent, the- 
f ugliest concentration tested. 

To examine the possibility of stimulation by the mercurial at very 
low' concentration, toxicity trials were made on a liquid medium in 
which weights of colonies w'ere used to give a more exact measure of 
the growth of Penwillium and in which no competing organisms wnuld 
complicate the interpretations. 

Each concentration (table 6) wms prepared by using 968 cc. of 
Kichards^ solution plus enough solution of ethyl mercuric phosphate 
and fenougli water to bring the total volume up to 1,000 cc. Both 
solutions were prepared, in stock batches to minimize extraneous 
■^’anatioiis among the different concentrations. The nutrient solu- 
tion plus the needed extra water was sterilized for 30 minutes at 10 
to 1 5 pounds^ pressure. When it was cool the mercurial solution was 
added with a burette, the flasks were shaken, and 200 cc. of each 
eoncentratioii wms poured into each of two 500-cc.ffasfcs. These were 
inoculated with the spores of PenicilMuivi cyclopmm adhering to an. 
inoeuktiiig needle touched to an actively growing colony. The in- 
oculated flasks were incubated at room temperature (25.6'''±2.S° C ) 
lor 7 days. The colonies were then removed, placed on weighed filter 
paper^ dried at 50°, and weighed. The growth weights are recorded ' 
m mbJe 6. ■ 
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Tlie data from test 1 .indicate m€.reas€d growtli at very low con- 
centrations of tlie m-ercurial, but the effect could not be accurately 
appraised for lack of gradations in the lowest part of the: concen- 
tration .range. A seco.iid test was therefore, made i.ii wliicli most of 
the concentrations were lower - than the lowest iis-ed in test L From 
the results of test 2 it appears that there' is a deffnite* even tli-ough 
slight, growth increase associated with low concentrations of the mer- 
curial. The general growAh I'ate was lower than in the first. test, 
however, because of cold weather during the fi,rst 4 days; cliiriiig t.lie 
last 3 clays the incubator was electrically heated to about 25° C. 


Table 6.- — Growth of Penieillium cydopiiim in Richards' sohdion containing 
various concentrations of ethyl mercuric phosphate * 


Test and eoncentration. o,f ethyl mercnrif phosphate (p. p. m.) 

Weight of colony 

Flask 1 

Flask 2 

Average. 

Test 1: 

0... , 

Grams 

.1.99 

Grams 

LS5 

Grams 

1. 97 

6.16 I 

2. 10 

2. 1.8 

2. 14 

6.31 ' 

1.92 

2.06 


0.63 

1.58 

1. 58 

i, 58 

1.25 

.83 

. 22 

.53 

2.5 ' 

.09 

.fi 

.11 

5 

.64 

.04 

,64 

Test 2; 

0 

1.33 

1.28 

1.31 

0.0f>06 

1.59 

1.27 

.1. 43 

C).0f>6 - 

1. 

1.6:3 

1, 65 

6.063 

1.68 

1.82 

i. 75- 

0.63 - 

1.39 

1. 41 

1. 40 



! 




1 Mercuiial in a proprietary contaiaing 6.25 percent ethyl me icuric phosphate in l>c>rax and talc. 


The concentrations of mercurial in the liquid-medium tests are not 
directly comparable with those in the w^ood tests. On the treated 
wood the actual mercury concentrations may be greatly redueed 
because of the high moisture content of the 'wood, loss through 
volatilization of the mercurial, and adsorption by the wood fibers. 

DISCUSSION AND CONCLUSIONS 

Observations on field tests for chemical control of fungi on green 
lumber during the air-seasoning period showed that several molds 
tolerated specific chemicals in concentrations that were effective in 
controlling most of the wood-inhabiting fungi. The toleraifee of 
AUemmia to borax militates against the use of borax on pine except 
in mixtures with chlorophenates. AlterfiMria was commonly isolated 
from pine but seldom from hardwoods (fi), to which borax alone 
usually provides satisfactory protection . The high tolerance of 
PenkiUmm' to orgmie merprials permits appreciable molding of 
lumbar in commercial operations mainly in the Pacific Northwest and 
Scandiiiavia. Apparently P. cydopium develops more luxuriantly in 
cool climates. In the tests herein reported the heaviest molding 
usually occurred during the winter. P&niciUium will tolei^ate ethyl 
mercuric phosphate on wood treated with solutions at least four times 
that ordinarily used for protection against stain and decay fungi. The 
luxuriant growth of TrichodeTMn on wood treated with several chemi- 
cals, particularly the fluoride salte, makes these unsuited for use in 
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protecting gr«'“en lumber during air seasoning, but some have found 
faT<>r in more permanent wood preservation. 

Laboratorv tests with Triehoderma, on fluoride-treated wood and 
both laboratory and field tests involving Penicillium on mercurial- 
treated wood indicate that heavy mold development on pine sapwood 
treated with these chemicals is due not only to the high tolerance of 
these molds to the specific chemicals but also to the fact that very low 
concentrations of them actually favor development of the respective 
molds. Similar favorable effect by minute amounts of fungicidal 
chemicals has been reported for several toxicants and wood-decaying 
fungi (5, 6). 

Interpretation of the observed favorable effects of chemicals is not 
always easy. Sterilizing the w'ood with heat had the same favorable 
effect on the mercurial- and fluoride-tolerant molds as did the use of 
the respective fungicides. Some of this increased molding on heat- 
treated wood may have been due directly to the heat rendering the 
wood more susceptible to mold attack. How'ever, this also suggests 
strongly that the increased growth on chemically treated wood is due, 
at least in part, to the elimination by the fungicides of competitive 
micro-organisms. Even though this competitor-elimination hypoth- 
esis seems the most logical, the data do not rule out other possi- 
bilitits. None of the alternate possibilities that come to mind seem 
likely to exert sufficient influence to affect materially the observed 
influences of chemical treatments in favoring molds. 

The luxuriance and extent of Penicillium development on unsteri- 
lized green pine increased with the concentration of mercury in the 
treating solution . This may be explained reasonably on the basis that 
competing organisms vary in their tolerance to mercury. As the 
mercury concentration increases more species would be progressively 
screened out, and this progressive decrease in numbers of antagonistic 
organisms would permit a progressive increase in the growth of Peni- 
cillium. 

The tests in which the Penicillium was grown on Eichards’ solution 
indicate that there is something more in the effect of ethyl mercuric 
phosphate than is considered m the foregoing hypothesis. In the 
entire absence of competing oi^anisms and of wood, increase in fungal 
growth through the range of concentrations from about 0.0006 to 
0.06 p. p, m. was too consistent to be ignored. However, the increase 
was scarcely large enough to e^lain all of the effects observed on 
treated w"ood. To classify positively this effect of the chemical on 
growth in nutrient solution as stimmation would require broadening 
the term to include purely nutritional effects, since there is no cer- 
tainty that the chemicals added did not supply some nutrient material 
that Eichards’ solution lacked. All the chemicals used in preparing 
the nutrient solution were of c. p. grade; therefore they may have 
lacked trace elements not supplied by the tap water used. The 
paercurisd, on the other hand, was in a proprietary mixture containing, 
in addition to the mercurial, horax, talc, and materials to give a 
warning color and odor. Some of these were presumablv of technical 
grade and possibly contained impurife. 
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SUMMARY 

Field tests showed that treatment of green pine sapwood mth some 
fiingickles favored heavy development of certam molds. Borax 
favored the development of Alternarm^ silicofinorides and tartar - 
emetic Trichoderma tnride, and organic mercurials PeniciUmm eydo- 
pium. Urea favored both Trichoderma and FmieilMMm. 

The extent and luxuriance of Pewwillmm cyclopium on wood 
treated with ethyl mercuric phosphate increased as the concentration 
of the treating solution was increased up to that used commercially 
for stain control. 

Laboratory tests wdth Trichoderma mride on fluoride-treated and 
PeniciUmm cyclopium. on mercurial- treated wood suggested that the 
luxuriant growth of these molds on treated wood was due in part ^ to 
elimination of competing organisms by the fungicides. Heat sterili- 
zation of Donchemieally treated wood increased the level of molding 
as much as did fungicidal treatment. Tests further showed that 
these molds are highly tolerant to the respective fungicides. In the 
case of F. cyclopium Yerj low concentrations of the mercurial actually 
favored development even in pure culture. 
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FALSE MOTES IN COTTON: THEIE OEIGIN, DESCEIP- 
TION, AND VAEIATIONS^ IN NUMBER ^ 

By Nobma L. Peaiison 


Associate cotto’n teclinoloffist. Division of Cotton and Other Fiber Crops mid 
Diseases, Bureau of Plant Industry, Soils, and 'Agrimltural Engineermg, AgrF 
euU'ural Research Adniinistration, United States Department of Affricnlture 


INTRODUCTION 

Seed cotton contains various numbers of . aborted seeds termed 
^‘‘motes*’ (5)/"^ These structures range from small ones ‘with very 
short fibers to larger ones with fibers practically as long as those on 
mature seeds (d, 7). Motes have been describkh and variations in 
their number in seed-cotton samples representing different varieties, 
environments, pickings, lock sizes (number of ovules, or potential 
seeds, per lock), and number of locks per boll have been observed 

At the base of certain locks, however, there occur very small mote- 
like bodies which heretofore have not been recognized as being dis- 
tinct from true motes. These structures are motelike in that they 
consist of small, hard, seedlike bodies to which short fibers (as com- 
pared with those on mature seeds) are attached. They differ from 
motes in that each is derived not from a normal ovule but from a 
small rudimentary structure seemingly incapable of maturing into a 
seed. These rudimentary structures are herein termed "^basal bodies’’ 
and the motelike structures into which they develop are termed alse 
motes.” This paper descinbes both the basal bodies and the false 
motes found in upland cotton {Gossypium hirsuMim L.) and pre- 
sents information regarding the extent to which the number of false 
motes found in different seed-cotton samples varied with variety, 
environment (location and season of growth), lock size, and number 
of locks per boll. No attempt is made herein to consider in detail 
possible explanations for these variations or for the nature of the 
basal bodies. 

^ Received for paWicatioa Noveinl:>er 18, 1948. This study is a part of tlie re- 
gional variety mvestigations condneted jointly by tbe Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, and 
the Cotton Branch, Production and Marketing Administration, United States De- 
partment of Agriculture. Aeknowledgment is made to the Agricultural Experi- 
ment Stations of North Carolina, South Carolina, Mississippi, Arkansas, Louisl- 
ima, Oklahoma, and Texas for providing samples that made these studies possible. 
Special aeknowledgment is made to the Delta Branch Experiment Station, Stone- 
ville, Miss., for cooperation in growing certain of the cottons studied. 

^ Italic numbers in parentheses refer to Diterature Cited, p. 717, 
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MATERIALS AND METHODS 

Special plantings, made at StoneYille, Miss., in 1937, of the sanie 
Ifj Yiirieties iiicliitied in the 1935-37 cooperative^ regional variety in- 
vestigations of the Bureau of Plant Industry, Soils, and Agricultural 
Engineering (6) supplied the ovaries and the young and mature bolls 
used ill studying the origin and characteristics of false motes. 

The same plantings also supplied seed-cotton samples used in 
making some of the,observationsp'*eported concerning the variation in 
iiiiiiiber of false motes with variety, and with the number of ovules 
per lock and of locks per boll. These seed-cotton samples, which will 
be referred to as the "^special-planting samples,’’ were obtained as 
follows: For each variety 75 blooms were tagged approximately 
every other day throughout the blooming period.. Each variety 
sample consisted of all the bolls matured from these blooms. In col- 
lecting the mature seed cotton, the burs were snapped and thus the 
locks were left intact. 

Two sets of seed-cotton samples which were included in the 1935-37 
cooperative regional variety investigations of the Bureau (6)^ were 
also studied. 

The data from 1 set were analyzed statistically to show the extent 
to which the production of false motes varied with variety and loca- 
tion and season of growth. This set represents what is known as the 
spinning test series (.^) and includes 767 samples representing 2 series 
for each of 16 varieties grown at 8 locations in 3 successive years.^ 
The varieties and the locations are listed in table 1. The samples con- 
sisted of 100 locks each and were selected from the 2-pound samples 
of seed cotton taken to represent the spinning test series. To make 
up the 100-lock samples, each 2-pound sample was divided into 4 lots 
and 25 locks .were taken from. each. 

The other set of samples was used to show variation in f alse-mote 
formation with numbers of ovules per lock and of locks per boll. This 
set was imposed of 768 samples and represents 4- and 5-lock bolls 
for 8 series of the same 16 varieties used in the spinning test series, 
but for 3 locations (Lubbock, Tex., Statesville, N. C., and Baton 
Rouge, La.) in 1937 only. Each sample studied consisted of 100 
locks selected from the original 100-boll samples, an effort being 
made to have each boll represented by 1 lock. To do this, each 100- 
boll sample was divided into 4 or 5 lots and an even distribution of 
the locks of each boll among all the lots was attempted. Such a dis- 
tribution, of course, could not be accomplished with certainty; for, 
though the locks comprising a boll could frequently be recognized 
as such, a part of every sample was composed of separate or even 
broken locks. To make up 1 sample of 100 locks for each 100-boll 
sample, it was usually necessary to add to 1 of the subsamples a few 

® Babes, H. W. natube akd scope op yhe coopsbative regional variety stub- 
im WITH COTTON. Paper preseuteU before tbe Amer. Soc. Agron., New Orleans, 
La** Nov. ^-24, 1939. 5 pp. [H. S. Bur. Plant Indus, processed copy.] 

Iliere were 767 samples ratber than 768 (16 X 2 x 8 X 3) , for in 1 instance 
replicates were composited. To facilitate analysis and to bave equal numbers 
of observations, tbe percentage figure for the composited sample was assigned 
to <be 2 replicates. In view of tbe iai^e number of observations and tbe great 
consistency in the data, this procedure seemed justified. 
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locks taken from the other S or 4 lots into which the original 100-boll 
sample had been divided. 

The regional variety samples consisted of picked cotton. , In such 
samples there is always the possibility' that the basally located seeds 
and motes and even the false motes may have been left in the bur. 
It was .attempted, however, in making np the lOO-lock subsamples, to 
select only locks that appeared to be intact. 

The exaiiiination of the seed cotton consisted of determining for 
every lock in a sample whether a false mote was, present and the 
number of ovules represented (seeds and motes) . The relative num- 
ter of false motes in a sample is reported as the percentage of locks 
ill which they were found to occur, 

ORIGIN AND DB.SCRIPTION OF FALSE MOTES 

Flowers examined on the day of blooming show many carpels each 
possessing a small body located between and just below the two basal 
owles (fig, 1, A). These bodies do not appear to be in line with 
either placental ridge. They can be distinguished readily from the 
ovules by their smaller size and distinct location. They vary some- 
what in size; but in the hundreds of ovaries that have been exam- 
ined, no basal body which anywhere nearly approaches ovular size 
has been observed. They are not all of the same shape. The major- 
ity observed were small, rounded or elongated structures with no 
macroscopic evidence of chalazal or micropylar differentiation (fig. 
1, ^1). Some, however, resembled ovules in general shape, and of 
these some possessed beaklike distortions of what might be consid- 
ered the microp^ylar or the chalazal region (fig. 1, B and C), 

Only rarely is there more than one basal body in a single carpel 
or is a similar body found at positions other than the base. In the 
course of these and other investigations ^veral hundred ovaries have 
been examined ; there have been found only two carpels in which two 
small bodies were situated below the two basal ovules and only one 
carpel in which a similar body was located in the middle of one of 
the rows of ovules. 

No extensive microscopic study of the basal bodies has as yet been 
made. ^ Sections through a few that were preserved on the day of 
anthesis show that at that time these particular ones consisted of an 
epidermis surrounding a mass of parenchymatous tissue into which 
tfiere passes a vascular strand. There were no indications of the pres- 
ence of an embryo sac (fig. 1, D) . 

Development of the basal bodies into false motes was not followed 
microscopically. Macroscopic observations on bolls of different 
ages from the day of flowering to maturity showed conclusively, how- 
ever, that the small basal bodies found in carpels on the day of flower- 
ing ultimately develop into the small, basally located, motelike bodies 
found in mature bolls (fig. 1, E). 

False motes vary in size (fig. 1, F). Such variation in the main, 
however, represents differences in length and in number of fibers, 
though the dried basal bodies may themselves differ slightly in size. 
Increases in fiber length are not nece^arily associated with increases 
in fiber population, for occasionally false motes were found with 
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1. — Ovules md basal body of one carpel dissected from tlie rest of tbe, 
mmy on tbe day of flowering ; basal body indicated by arrow. X 12. B, Basal 
body (false mote) from a 2-day-old boll. X 50, €, False mote together with 
adjacent placental tissue, from a 3-day-old boll, showing fiber development and 
beak at tbe chalazal (1) end. X 12. B, Nearly median longitudinal section 
through a basal body, day of dowering. X 67. F, Mature lock of cotton ; 
false mote indicated by arrow. X 3^5. F, False motes from mature locks,, 
showing typical range in size found In one variety, X 1. 
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only a few but Bevertheless comparatively long fibers. Mo attempt 
was made to obtain accurate measurements of fiber leiigtli. From ex- 
aiiiiiiatioii of bmidreds of these structures, however, it wuis concluded 
that only occasiomally do the fibers exceed 1 cm. in length and in the. 
great majority of eases the fiber length is much less. 

There is considerable variation in size' witliiii any one variety (fig. 
1, i^) . The possibility of some varietal differences in false-mote sizes 
was noted, but tlie differences observed did not seem to be sufficiently 
pronounced to warrant investigation at this time. ' 

There is some indication that a tew basal bodies fail to form, fibers, 
for occasionally a small speck is found in dried burs at a position 
which corresponds to that of the basal body in a carpel. ■ Observa- 
tions indicate that this failure is rather rare and that differences in 
the number of false motes found in different lots of seed cotton would 
represent similar differences in the number of basal bodies that oc- 
curred in the corresponding carpels. 

The fibers on false motes do not appear to be essentially different 
from those on seeds except that they are, of co'urse, shorter. When 
mature, they normally possess a secondary wall of about the same 
thickness as that of a typical mature fiber on a seed, and the dried 
fibers are convoluted. Despite the fact that the structures which bear 
the fibers differ enormously in size, the cross-sectional areas (perim- 
eters) of fibers of false motes appear to be about the same as those 
of seed fibers. 

False motes not only are smaller than most of the motes derived 
from normal ovules but possess several seemingly distingiiishiiig 
characteristics, which should serve to identify them when they are 
found in materials for which previous locations in locks would be 
unknown, such as in a ginned lint or products of the manufacturing 
processes. In general it may be stated that: (1) False motes have 
fewer fibers than true motes, though some small motes undoubtedly 
derived from normal ovules possess only a few short fibers; (2) the 
fibers of many false motes are longer in proportion to the mote pody 
than those of true motes; and (3) false motes lack the slightly elon- 
gated delicate funiculus possessed by most small motes derived from 
ovules. Some structures, however, do not possess clear-cut false- or 
true-mote characteristics (S) and cannot be identified on the basis of 
general appearance alone. 

Seed-cotton samples in which the locks have been left in the bur 
(snapped cotton) are the most satisfactory materials for studying 
the occurrence of false motes. In such material not only can location 
and general appearance be used for identification but the number 
of funicular scars, or points of ovular attachments, are of supple- 
mentary value in doubtful cas^. If mature seeds occupy both basal 
positions, a false mote, if present, can be readily and positively iden- 
tified (fig. 1, E). There is no structure with which it could be con- 
fused. If one or both of the basal positions of the lock are occupied 
by motes, however, a false mote, if present, might not be recognized. 
The false mote would be recognized with particular difficulty if one 
or both of the motes were very small or if the false mote were pushed 
to one side because of a difference in size of the two structures oc- 
cupying the basal positions, a condition which occurs rather fre- 
quently. 
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cashes can be settled by comparing tlie iiniiiber of funicular 
SL'iirs cm rlie placental ridges with the number of seeds and motes 
(ovules) ill tlie locks. The two ralues should be the same and the 
agreeiiieiit or lack of agreement betw^eeii them can be used to decide 
whether a cpiestioriaMe structure is derived from a basal body or an 
oTiile. 

Picked seed cotton which has been handled with care is nearly as 
satisf actorv as. snapped cotton. It is true' that occasionally false motes 
are left in the bur when the locks are picked. In studying the snapped 
cotton it was observed, liovrever, that when well-matured and fluffed 
locks are carefully removed from the bur the failure of false motes to 
be clet ached with the lock^ apparently does not happen frequently 
enough to affect the reliability of the samples. 

VARIATIONS IN THE NUMBER OF FAESE MOTES IN SEED COTTONS 

The discussion of variation in the number of false motes in dif- 
ferent lots of seed cotton is based on data derived from a study of 
both picked, and snapped cotton. 

Varietal differences in the number of false motes formed are very 
striking (tables 1 to 3, figs. 2 and 3). For the 16 varieties represented 
in the 1935-37 cooperative regional variety investigations the average 
percentages of locks possessing false motes ranged from 4.7 percent 
for Mexican Big Boll to 24,2 percent for Deltapine 11. In general, 
the relative differences among the varieties were about the same from 
location to location and from year to year (tables 1 and 3, fig. 2) . In 
spite of the consistency in behavior a highly significant tendency for 
varieties to exhibit different responses to environment -was established 
(table 3) . 


Table 1 . — Lochs with false motes in 100-loch samples for ^ series for each of 16 
varieUm cf cotton groicn at B locations for S successive pears ^ 





Docks with false motes at— 




Variety 

rior. 

Stone- 

Marianna, Ark. 

Baton 

Still- 

College 

Station, 

Tex.a 

Lub- 

Mean 3 


enoe, 
S. C.a 

ville, 

Mlss.2 

Up- 
land s 

Delta 2 

Bonge, 
na.3 ' 

water, 

Okla.2 

bock, 

Tex.2 



JPeremt 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Acala (Beyers)— 

24,5 

19.3 

21.0 

12.2 

19.0 

20.3 

19.0 

26.2 

20.2 

Arkan^ 17 

14.0 

12.7 

11.7 

11,0 

8.3 

14.7 

11.5 

14.3 

12.3 

Cleveland (Waimamaker) _ . 

14,5 

10.7 

16.5 

11.0 

12.2 

15.0 

13.7 

17.0 

13.8 

Cook 912 

9.5 

7.5 

8.3 

4.3 

5.8 

7,2 

5.0 

9. 7 

7.2 

Delfos (Mlfisdel) 4 

24.3 1 

16.2 

22.0 

13.7 

16. 5 

15.2 

12.3 

18.5 

17.3 

Deltapine 11 

25.0 - 

22.3 

28.2 

17. S 

22.3 

25.0 

34.0 

28 . 7 

. 24,2 

Dixie Triampb 759. 

Farm Reliefs 

23.3 : 

13.2 

22.5 

13.7 

21.2 

18. 2 

21.3 

20. -0 

19. 2 

33.3 

23.2 : 

19.3 

16.8 

22.8 : 

20.2 

19.0 

22.0 ,■ 

.22. 1 

Half and Half, 

Mexican Big Boll, ' 

20.3 

4.5 

14,7 
4. 8 i 

19.3 

5.8 

10.0 

3.3 

10.5 

2.8 

21.0'^ 

4.5 

14.8 

3.3 

18.2 

8.2 

16,1 

4.7 

Qtmfia— i 

Bowden 

14.3 

a 7 1 

11.8 

I 6.2 1 

10.5 

5,5 

8.0 

6. 8 i 

9.0 

20.0 

23.5 

26.7 

1 lao 1 

21.8 

24,2 

33.7 

24.2' 

23. 2 

StartescSlt 

21.0 

13.5 , 

16.5 

11.0 

15.8 

15.5 

13.2 

18. 6 'i 

15.6 

Stonevllte i 

33. S 

10.2 

25.5 

I 16.3 

22,0 

26.3 

20.0 

29,0 

' . 23..6 

TUTampb (Oklahoma) 44 i 

18.7 

[ 14.8 

16.7 

10.0 

15.3 

14.0 

11.8 

16.0 

14,6 

WIids 5^. 

1 21,7 

15.7 

16.3 

1 11.8 

13.8 

] 

11.2', 

9.7 

17.8 

14.8 

Muon 

1 mo 

14.8 

18.0 

11.6 

16; 0 1 

lai 

1 , 14.4 

18.4 



i I^east slpiiftmt 

Variety meam 17 2 2 

liOwtIoE meam, 

s Va.Iiiies Imsed m 6 ab»vatioiis. "■■■ — — . , 

3 Values Im^ on # obseryatioas. - * Values based on 96 observations. ' 
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Table 2,— Locks with false motes in samples for each of 16 varieties of rep- 

resenting 2 plantings and 2 types of harvesting, StonevUle, 1937 


Variety 

Locks with false 
motes from— 

Variety 

Locks with false 
motes from— 

Snapped 

cotton 

(special 

planting)* 

Picked 
cotton 
(regional 
variety 
planting) 2 

Snapped 

cotton 

(special 

planting)* 

Picked 
cotton 
(regional 
variety 
planting) 3 

Acala (Rogers). 

Arkansas 17 

C le veland ( W annamaker) . . 

Cook 912 

Delfos (Missdei) 4 

Deltapine 11 

Dixie Triumph 759 

Farm Relief 2 

Percent 

20.7 

12.8 

19.2 
3.3 

27.3 
29,9 
21.0 
25.8 

Percent 

32.5 
22.0 
20.0 

10.5 

23.5 

32.5 

24.0 

33.0 

Half and Half ' 

Mexican Big Boll - 

Qualla 

Rowden 40-S)88 

Startex 619 — 

StonevilleS 

Triumph (Oklahoma) 44 — 

1 Wilds 5 — - 

Percent 

18.6 

2.6 

7.0 

30.6 

16.7 

27.1 
14.4 

19.2 

Percent 

22.5 
8,5 

17.0 

41.5 

17.5 
21. 5 

23.0 
'23.5 


1 Values feased on at least 1,400 locks. s Values based on 2 samples of 100 locks each. 


Table 3. — Analysis of variance of the percentage of lochs with false mates in 
lOO-lock samples for 2 series for each of 16 varieties of cotton grown at 8 loca- 
tions for 3 successive years 


Source of variation 

Degrees 

of 

freedom * 

Mean 

square 

Varieties. 

15 

1,670. 9** 

Locations - 

7 

751. 9** 

Years.— 

2 

2,808.2** 

Blocks within locations 

8 1 

122.3** 

Varieties X years 

30 

40.3** 

Varieties X locations 

105 

35.2** 

Years X locations. 

14 

681.3** 


Source of variation 

Degrees 

of 

freedom * 

Mean 

square 

Years X blocks within loca- 

tinns 

16 ^ 
210 
359 

20.3 

28.9** 

17.5 

Variety X years X locations. . 
Error 

Total 

766 

83.6 



^♦Significant at the 1-percent level. , , , . ^ ^ ^ 

J In 1 instance replicates were composited, reducing tbe degrees of freedom from the ®p^€d. 7m to 
To facilitate analysis and make equal numbers of observations the percentage figure for the composited 
sample was assigned to the 2 replications. 



Figube 2 — ^Average percentages of locks with false motes for 16 varieties of 
cotton grown in 1935, 1936, andi im. Each plotted point is the mean of 16 
observations, 2 series at each of 8 locations. Each observation is based on 


a 100-Iock sample. 


wiuoss 
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v:trieriil diiiVrences shown by the Stoneville 1937 picked-cotton, 
regional vui'ieiy samples were shown with about equal consistency, 
ah«n by the coiiciiiTentiy grown, snapped-cottoii, speciahplaiitiiig 
iiiples (talhe 2 ) , Contrary to what might be expected, however, the 
|iereentages of locks with false motes were, in general, higher for the 
picked than for the snapped cotton. The difference may possibly be 
exphdiicd the seasonal trend in false-niote formation, together 
witii po^h-ible differences in the relative number of bolls from the dif- 
ferent portions of the blooming periods in the two sets of samples. 
In 1937 at Stfmeville. Miss., as shown by the siiapped-cotton samples, 
the bolls from early and midseason blooms possessed more false motes 
than those frooi late blooms (fig. 3). The period of greatest false- 
inote prodiictioii thus undoubtedly corresponds to or at least is iii- 
cliicled ill tlie period of greatest boll production. The particular 
picked- cot ton samples being considered here represent practically 
entire crops (spinning test series). The snapped-cottoii samples, it 
will .be recalled, were made of bolls developed from flowers tagged on 
approximately alternate days throughout the blooming period. Be- 


-- ACALA (ROGERS) 

- X ARKANSAS 17 

- - CLEVELAND 

i WANNAMAKER) 
COOK 9i2 


DELFOS (MiSSDEL) 4 

DELTAPINE 11 

DIXIE TRIUMPH 759 

FARM RELIEF 2 

HALF AND HALF 

— MEXICAN BIG BOLL 

— xxqualla 

-rOWDEN 40-2088 

STARTEX 619 

STONEVILLE 5 

TRIUMPH 

(OKLAHOMA) 44 
WILDS 5 



JULY 12 


JULY}3-19 JULY 20-26 JULY27-AUG.2 

DATE OF FtOWERtNG 


AUG. 3- 9 


PiGViE 3.— Percentages of !ocks witn false motes in bolls developed from blos- 
soms tagged approximately every other day tbrongboiit the blooming period 
grouped by week of flowering, for 16 varieties of cotton grown at Stoneville, 
Miss,, in 1937. Percentage figure for each plotted point is based on a 

100+ -lock sample. 
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cause of this difference in co.mposition 5 ifis rery likely that the picked- 
cotton samples contained relatively more seed cotton repre.seiitiiig the 
periochof greatest boll pro.diictioii and conseque.iitly more false motes 
tiian did the snapped-cotton samples. 

llie import aiice of the infliience of environmental factors on the 
developiTieiit of false motes is shown by the liiglily sigiii.fi,caiir ditfer- 
eiicp ill tile niiniber of false motes in seed-cotton samples represeiiti.iig 
dmerent locations and seasons of growth (table 3, fig. 4). On the 
whole, climatic factors, as represented by differences in seasons, ap- 
peared to have riiiich more influence on the number of false motes 
developed than did environmental factors associated only with 'dif- 
ferences ill place of growth and even more influence than did varietal 
factors (table 3). Though locational factors taken as a whole did 
appear to have a pronounced influence on the relative iiumber of false 
motes forinedJ_ table 3) , there was no significant tendency for location 
rank to remain the same from year to year (fig. 4) . This is to be 
expected since seasonal (climatic) factors, ' which apparently have 



Figure^ 4.— Average percentages of locks with false motes for cotton grown at S 
locations in 1935, 1936, and 1937. Each plotted point is the mean of 32 observa- 
tions, 2 series for each of 16 varieties. Eaeli observation is based on a IfHl-lock 
sample. 

such a pronounced effect on the formation of false motes, would not 
be expected to be alike at all locations in any one year or even alike 
at any one location every year. 

The highly significant differences that were found betiveen blocks 
at the same location (table 3) are probably another indication of the 
importance of environmental influences on f alse-mote formation. 

The tendency for early and midseason blooms to produce bolls with 
more false motes than late blooms could not be satisfactorily related 
to the climatic conditions prevailing during the blooming periods 
(fig. 3) (5). This trend in false-mote formation might possibly 
be related to the physiological condition of the plants during 
early, middle, and late periods of bud formation, but more data would 
be needed to establish this with certainty. It is very probable that 
the trend shown in this one year would not be the same in other years. 

The production of false motes varied also with the numbers of 
ovules per lock and of locks per boll. Differences between four- and 
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five-lo.-k boils were the more sti-iking, false motes being produced 
in relatively nracii greater numbers in five- than in four-lock bolls. 

This teiiileiic'T was shown both by tlie^ regional variety samples and by 
the speeiahphmtiiig samples (taTble 4)_. Since the two sets of samples 
differed in niaiiiier of selectioiij. in size and uniformity ^ and conse- 
fluently in sources of error^ data for both sets are presented, 1 lie 
regioiiai variety samples, it will be recalled, ;were ot umlorm size 
(100 locks eacli). They were made up of picked cotton, however, 
and the possibility that some false motes were not removed must be 
taken into consideration. Nevertheless, the data derived trom these 
saiiiples 'were very consistent with regard to varietal, iocatioimi, aiici 
boll-type differences in the number of false motes produced.^ In lact, 
they were not analyzed statistically since they show, so strikingly and 
consistently that five-lock bolls produce false motes in relatively 
greater numbers than do four-lock bolls. 

The special-planting variety samples, on the other hand, were not 
uniform in size^ being made up of all bolls that matured from tagged 
blooms. They ^differed not only in the total number of bolls but in 
the relative number of four- and^ five-lock bolls. Moreovei^ data 
based on these samples would be influenced to some degree by the 
fact that the percentage figures showing the presence of false motes 
in one, two, three, or four locks of a boll do not represent the same 
percentage relations for both four- and five-lock bolls. In spite of 
these sources of error the data for the special-planting samples showed 
in general the same striking differences between four- and five-lock 
bolls in the production of false, motes as did the regional variety 
samples (table 4), 

Taili: Lochs with false motes in h 5-Zoefc bolls of 16 varieties of cotton 

grown at 4 locations, 19S7 


Locks with false motes in bolls at— 


Variety 

Lubbock, 

'rex.i 

Statesville, 

N. G.i 

Baton Rouge, 
La.i 

! 

Stoneville, 

Miss.2 


4-tocfc 

5-Iock 

4-k>ck 

5-lock 

4~]oek 1 

5-Iock 

4-lock 

5-Iock 


Pmemt 

Per&mt 

Percmt 

Peremt 

1 

Pefcent 

Percefa 

Percent 

A*»la 

It 7 

32,4 

22.5 

35.9 

9.4 

18.1 

7.8 

23.6 

Aj-kan^ 17 — 

ms 

2A9 

17.0 

29.9 

6.9 

13.0 

9.4 

16.9 

Gtevelsad (Wannanmker) — 

17.1 

25.9 

17,2 

24.9 

9.0 

112 

; 18. 4^ 

19.5 

Cook §12-,-, - 

4.5 

10.2 

4* 4 

14.5 

3.5 

5.6 

2.0 

3. 9 

(Missdel) 4- 

12.8 

32.9 

36.0 

47.4 

7.0^ 

23.5 

1 18.8 

^ 38. 2 

Oeitopinfill - 

39. 1 

45.6 

35.9 

44.4 

■ 25.2 

21, 9 

26.8 

34.1 

Dkl© Vriimpli 7» 

20.® 

■ M2 

25.1 

29.4 

17.8 

17. i 

19.8 

21.2 

Vann Rdtef 2, - 

m '2 

i 40.1 

3S.S 

42.2 

22., 9 

30.9 

■ 20.8 

,29.5, 

Half ttid Half. , - — . - 

21.® 

40.2 

18.4 

36.2 

6.6 

14.0 

17.0 

19. 5 

Mexfcaa Big Boll — 

1.1 

3.6 

%Q 

7.6 

2.0 

3.2 

1.7 i 

2. 6 

Qtmlla,, — — 

, At 

9.1 

6.9 

19.0 

9.0 

13.9 

2.1 ' 

8.1 

Eowd©n«-2»-,-,., 1 

27.9 

38.5 

33.8 

44.4 , 

27.1 

> 32.1 

■ 24.2 i 

814, 

Startex6l9 - 

mt 

1 28.2 

23.4 

39.5 ■ 

10.8 

21.4 ^ 

7.8 ^ 

18.7 

Stonevilie 5- - — ; 

15,4 

38.0 

^.9 1 

45.4 : 

8.2 

26.0 

19.1 

30.8 

Triiimpli COktol»n») 44 — 

124 

M.9 

17,t 1 

35.5 ! 

9.4 

111 

11.1 

15. 1 

WIMs 5- — — 

14.9 

210 

35.5 i 

45.0 

116 - 

18.4 

14.6 

22.3 

Mesa — 

15.7 

■ 27,9 ’ 

22.4 

33.8 

11.8 ‘ 

18.0 

13,8 

21.2 


^ wiaty suapte of plc 4 :©l values bawd on 8 otserrations, based on a 100 -lock 

Mnmle. ' ' 

^ apedW-ptentiBg amptes of snappy cottei; valnm based on wmpto of not te tlmn zrO locks, tb© 
nwIcFlty contaliiing l04^ 
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For 8 of the 16 varieties otowh at 8 locations in 1987 and for the 
16. varieties of the special -planting samples the percentage of locks 
that possessed false motes were calculated 'for 7-, 8-, 9-7 and lO-ovnle 
locks (table 5). The data were not- analyzed statistically since the 
iiiiiiiber of locks i'li the different lock-size samples was not uiiiforni-. 
The results are not entirely consistent, but in general and for most 
varieties there is a fairly marked tendency .for the percentage of locks 
with false motes to decrease as the number of ovules per lock increases 
(table 5), It is true that certain varieties failed to show this trend, 
and some showed it to a much more pronounced degree than others. 
There were no, apparent explanations for these differences in behavior. 

Table 5 . — Locks with false motes in 7-^ 9-, and iO-ovule lock-size elmses for 

varieties of cotton grown at \ lomtiom^ 1937 , 


Location 


Statesville, N. CJ.. 


(35aton Rouge, La.s. 


Lubbock, TexJ. 


Stoueville, Miss.^, 


Locks with Mse .motes m mdl- 
cated lock-size class 


Variety 



6 

1 

8-ovuIe 

9-ovTile 

/Delfos(Missdel) 4 

Percent 

47.4 

Perce^nt 

41.2 

Percent 

39.3 

.Deltapine 11...' 

55.1 

42,9 

32. 2 

FarmRelief 2 

40.9 

41.1 

33.2 

, Half and Half 

25.4 

28.3 

\Rowden 40-2088 

3 45.3 

41. 5 

37.9 

Startex 619 

37.0 

30.5 

Stoneville 5 

tW.4 

37.9 

32.1 

.Wilds 5 

44.2 

41.6 

40.0 

(Delfos (Missdel) 4 

16.8 

15.5 

14.0 

Deltapine 11 

27.6 

28.5 

20.4 

Farm Relief 2 

29.5 

27.7 

23.0 

. Half and Half 

14.7 

9.8 

IRowden 40-2088 

33.1 

35.6 

29.6 

jStartex 619 - 

3 26.2 

19.4 

16.2 

I Stoneville 5 

24.4 

20.9 

13.2 

IWilds 5 - __ 

16. 2 

18.0 

18.0 

/Delfos (Missdel) 4 

27.4 

19.4 

20.8 

Deltapine ll.... 

47.4 

41.5 

34. 1 

Farm*Relief 2 

36,2 

30.2 

22.2 

, Half and Half 

37. 6 

35.3 

29.4 

Rowden 40-2(^- 

34.3 

34.7 

32.5 

Startex 619 

22.6 

24.9 

21.4 

Stoneville 5 - 1 

33.9 i 

22.3 

a 25. 2 

1 Wilds 5 ^ 

mo 

18.8 

20.6 

Acala (Rogers). . 

27.6 

19.8 

15.7 

Arkansas 17. _■ 

12.6 1 

1'2,0' 

■14.6 

Cleveland ( W annamaker) ... 

M.4 

18.4 

15,8 

Cook 912 . . - . 

8.5 ' 

3.3 

2.0 

Delfos (Missdel) 4 

31.9 1 

me 

21.9 

Deltapine 11- - i 

.34.8 i 

30.7 

19. 1 

Dixie Triumpb 7^ 

17.8 i 

22.5 

■ 24.8 

, Farm Relief 2 ... 

■ 23. 6 '! 

26.0 

■26.7 

Half and Half...... 

26,6 -1 

22.1 

16.5 

Mexican Big Boil : 

5.1 1 

2.4 

7.2 

Qu^la 

8,6 

7.7 

Rowden 40-^^-.... ... 

33.5 1 

1 

32.2 

29.4 

Startex 619.... ...... ..... 

19.1 

16.6 

Stoneville 5 

ms 1 

27.2 

27,1 

Triumph (Oklahoma) 44 

22.3 1 

12.0 

15.0 

Wilds 5 

.24,3 '1 

i 

20.0 

17,7 



10-ovule 


Percent 


23.3 
3 31.6 

21.4 


8.9 

'“"O 

■'Ti'i 


18.3 
25.2 

17.4 


W1 

12.0 


1 Values based on at least 100-loek samples except as indicated. 

2 Regional variety samples of picked cotton, 

Waiue based on 50- to 99-lock sample. 

^Special-planting samples of snapped cotton. 

msGUBBrnm 


False motes may be a source of error in calculating the percentage 
figures for the number of motes in a particular seed-cotton sample (S ) . 
These percentages are based on the relation of the number of aboi^d 
seeds, or motes, present in a sample to the total number of ovules 
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re}#iv-i^ijh>fl iL 2. 7\ B)» If 'the false motes are incliicleci with the 

t!iie liioles fit riverl from oviiles, the basal bodies that gave rise to the 
fahe najtes woold then be considerecl as ovules. Since basal bodies 
du not miitniv into seeds, percentage figures based on counts which 
iiicliiderl them vroiiki give an entirely inaccurate representation of tlie 
Biiiiiber of potential seeds that failed to mature ( formed ^motes ) , It’ 
is fairly evident that Porter (7) included false motes in his mote 
i*oiinis7for he found an unusually large Humber of motes located at 
tlie base of the lock (5). Data representing the mote content of seed- 
eotroii samples reported by different investigators must have been 
derived in a like nianner to be comparable (S ) . . 

False motes are probably not such an important source of small 
iiiiperfeetioiis in yarn and cloth as are the true motes developed from 
ovules (rf ) . The dried basal .body is too small to be broken up into 
fragments that persist in the 'yarn. Entire. false motes have not been 
found or at least have not been recognized in. appreci.able numbers in 
eitlier yarn or giiined lint, though in the latter they may have been 
oinrlooked because of their small size. They apparently do not cling 
very tenaciously to the lint, many of them being removal either dur- 
ing" ginning or later during cleaning and spinning. 

The early developmental history of the basal bodies has not yet 
been studied. That these bodies might be rudimentary ovules could 
be inferred from their location, behavior, and general relations, and 
from the fact that some are definitely ovular in general form. Their 
location close to normal ovules and the fact that they likewise produce 
fibers from their epidermal cells would indicate an ovular nature. A 
rather marked tendency within varieties for the percentage of locks 
with false motes (carpels with basal bodies) to decrease with an in- 
crease in the number of ovules per carpel might perhaps be another 
such indication (table 5). ^ 

Although false- mote formation was shown to vary significantly with 
variety and environment, eonsistent relations with varietal and:' en-' 
vijonmentally induced variations in the amount of seed abortion 
(S) were not established. 

What varietal and environmental factors are I'esponsible for varia- 
tions in the number of false motes formed, or rather for the occuiTence 
of basal bodies, and how these factors operate cannot be' answered from 
the information available. It would seem reasonably certain, how- 
ever, '®that the factors concerned must have exerted their iiifliience a 
long time before the day of anthesis, for on that particular day, as 
well as for several ^previous days, the distinctive nature, of the basal 
body is well established. 

HUMMABy ' 

At the base of certain locks of cotton occur small motelike struc- 
tures herein designated as ^^false These structures are mote- 

like in that each consists of a small body to which fibers are attached. 
They differ from motes in that they are not derived from ovules ; 
each one develops from a small rudimentary body situated Just below 
and between the two basal ovules and ^mingly not in line with either 
placental ridge. Tlie^ bodies are referred to herein as ^hasal bodies.” 
They are distinctly different from ovules, being very much smaller 
and apparently incapable of seed formation. 
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Fiihe liif^tes riiav differ very little from some very small true motes, 
Ideiitifieatioii «)f fidse motes- in intact locks of seed cotton is made 
eliiefiy on tlie basis of positioiij tlioiigh appearance ^ cliaracteristics 
siicli as fiber length, density of fiber population, size of seedlike body, 
and absence of a distinct tlioiigli delicate dried f imiciilus may be of 
assistance. In siiapiied cotton examination of the bur to ascertain 
tlie iiiiiiiber of points of ovular, attachment for a particular lock may 
lielp decide questionable eases. Positive identificatioii is not always 
possible, particularly in ginned lint and prodiict-s of inaiiiifactiiriiig 
processes. 

Cotton samples representing different varieties, locations and sea- 
sons of growth, and numbers of ovules per lock and of locks per boll 
w’ere examined to ascertain some of the factors affecting the formation 
of false motes. The abundance of these structures in a sa,mple was 
reported as the ■ percentage of locks in which these bodies occurred. 

The number of false motes formed ■ w’as found to vary strikingly 
■among the varieties studied and was shown to be influenced to a 
marked degree by environmental factors,, esiiedally those a-ssociated 
%vith seasonal differences. False motes were niiicii more abundant 
ill five- than in four-lock bolls, and within varieties the percentage of 
locks in -which they ivere found tended to decrease ivith an increase in 
the number of ovules per carpel. 

The failure to recognize false motes as distinct from true motes, or 
aborted seeds, may constitute a source of error in estimating for a 
particular sample of seed cotton the percentage of the ovules that 
failed to mature (formed motes) . 
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BACTERIAL LEAF BLIGHT AKD STALK EOT 

OFCORK^ 

By A, 0, John sox, priueipiil pdtJirjIogist, Alice Jj. Moinmi,. associate pafhoUgist^ 

■ Division of Cereal Crops and Diseases, and Lillian Cash, assistant patholo- 
gist, Divislofi of Fruit and Vegetahle Crops and Diseases, Bureau of Plant 
Indiistry, ^oUs, and AgrieulUiral Engineering, Agrienllural Research Admin- 
istration, United States Department of Agriculture 

INTRODUCTIOK 

A bacterial disease of dent corn \Zeammf% L4 different Lwn.aiiy 
previously described has occurred sporadically in several So'iitlierii 
ami Central States in the past 20. years. ‘ It was reported first from, 
Alabama (5) .^ In 1928, specimens of the diseased corn were received 
from S. H. Gibbons, county agent of Baldwin Coiinty, Ala., and the 
disease was found in Virginia shortly thereafter in the same year. 
In later years it was foiincl in Georgia, Texas, Kansas, and Nebraska 
jd, ii, 15, 20^ £1), Fortunately, the disease has never assumed major 
importance, although in a few cases it has been rather severe in lo- 
calized areas. A very similar disease has been reported from Aus- 
ti'alia by Liidbrook (i5). 

Most varieties of dent corn seem to be rather resistant, whereas 
some lines of popcorn {Zeamays yhy, everta (Stiirtev.) Bailey) have 
been reported as especially susceptible.® Sweet corn^ (Z. tmys var. 
saechamta (Sturtev.) Bailey) also is susceptible. The purpose of 
the present paper is to describe the disease more fully and to report 
the identification of the causal organism. 


DBSCBIPTION OF THE DISEASE 

The disease occurs usually in localized areas in the field, as a leaf 
blight and as a rot of the upper part of the stalks. Both manifesta- 
tions may occur on the same plants. 

On the leaves the lesions are variously scattered and rather sharply 
delimited ; they range from small, elliptical or oblong spots about 1 
by 2 millimeters to long:, necrotic stripes 2 to 5 by 100 to 400 millimeters 
or longer (pL 1). These longer lesions- may* coalesce and form ex- 
tensive necrotic areas that may involve the entire width of leaves or 
considerable portions of them.' X^ter the badly diseased leaves may 
become much shredded (fig. 1, A and B)j especially in stormy weather. 

tEeeeivecl for publication December 29, 1948. 

" Italic nunibers in parentheses refer to Literature Cited, p. T31. 
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WMtim 1 . — ^Sfere^dirig of com leaves naturally infected with the leaf blight 
auH stalk rot Imeteriuiu : /L Early stage, after a heavy rain, ArUngtoiiiJgxpen- 
meat Farm, Arlington, Va. ; B, extreme stage, Bay Minette, Ala, 


At first tile lesions are water-soaked and ^^olive-^een” ; ^ later the tis- 
sues of their centers eolla|>se and bleach fii'st to ^warm buff’’ and later 
to ^diglit buff” with a delicate edging of ^%epia'’ to ‘^cinnamon-buff,’’ 
All the leaf lesions are more or less translucent. Sections from leaf 
lesions^ examined microscopically in water show abundant streaming 
of motile bacteria. 

The stalk rot wcurs usually at or just above the point where the 
eaK are produced, causing a dark-brown to black rot of the internodes 
and nodes ( fig. 2). The outside of the stalk may be discolored with 

^ Throughout the paper, i^uated: eolore are from Ridgway (1$). 





PLATE 1 


Bacterial Leaf Blight and Stalk Rot of Com 



Upper surface of corn leaf naturally infected with the leaf blight and stalk 
rot bacterium, showing characteristic lesions, Arlington Exneriment -Pfirm 





^22 


Journal of Agrimdtural Resemreh 


.Vol. 78, No. 12 


brui,viii>l!-ivii .stri^aks. Inside, the rot is black and iisiialh^ without a 
jautieolarly foul odor. The pith tissue becomes shredded, as the rot 
destroys the pareneliyma, anci leaves the bundles more' or less intact. 
As the rot pi*fj|iresses, the tops die and bleach just before or at the time 
the tassels emerge I fig. 3, B), Most of the plants thus attacked are 
dwartVtl and often develop multiple ears (fig. A), all of which are 
iisiially sterile and some of wdiich may become rotted. 



iGi^RE J Tops of corn plants naturally infected witU the leaf blight and staUr 

(h afd leaSns and 

Killed, bltachetl top (S) ; liotU from Arlington Experiment Farm, Arlington, Va. 
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THE ORGANISM 
ISOLATION 

Tlie organism has been isolated rej)eatedly from leaf lesions and also 
from rotted stalks. Lesions on the leaves were surface-sterilized in 
1 : 15 OOO mercuric chloride solution for 30 seconds, wnished in sterile 
water, shredded on a sterile slide, and put into beef -peptone broth. 
After a few minutes, dilution plates from this were made, with beef- 
peptone agar as the medium. Isolations from rotted stalks were 
made by a.septically cutting out bits of the infected tissue along the 
margins and shredding them into beef-peptone broth. Dilution 
plates from this were made, with beef -peptone agar as the mediiiin. 
All plates were stored at room temperature (about 25® to 30° C.), and 
within 48 hours the}^ showed an abundance of small white bacterial 
colonies that appeared almost in pure culture. Transfers were made 
from single colonies. 


CULTURAL CHARACTERS 

Unless otherwise stated, the incubation temperature at which the 
organism was grown was 30° C. and the reaction of the media was 
about pH 7. 

Beef-peptone agar plates . — In dilution plates, after 4S lionrs colonies of the 
oiiganism freshly isolated from the host are circular, 1 to 4 millimeters in 
diameter, convex, smooth, white by reflected light, bluish white by obliquely 
transmitted light, glistening, with margins entire or becoming irregular. In 
most eases there is a fine cross hatching throughout the colony, but in others 
there are not definite internal markings. Most of the colonies show a definite 
clearing of the medium immediately around them ; this is accentuated by a heavy 
clouding of the medium at the outer edge of the cleared area. Others show no 
clearing. As the medium dries out the colonies become almost invisible. 

The smooth colonies that were isolated first were not stable and eventually 
dissociated into smooth and rough colonies of several tyi>es. Some of the rough 
colonies were irregular in outline, glistening, with or without clearing of the 
medium, and without characteristic internal markings. Others were round, 
slightly pebbly rough on the surface, and glistening with coarsely cross-hatched 
internal markings and slightly fimbriated margins extending into a cleared area 
around them. Some colonies had a pronounced thickening in the center, which 
caused a noticeable hump on the surface, coarse inner markings, and a clearing 
of the medium around them. The mai*gins of many of the smooth colonies 
were entire at first and later became irregularly lobed or definitely fimbriated, 
extending in a laeelike pattern into the cleared portion of the medium. 

Beef-peptone agar slants . — Growth after 48 hours is moderate, filiform, glisten- 
ing, white to bluish white, with margins entire or becoming undulated and thin, 
and in most cases with noticeable clearing of the medium surrounding the streak. 
The surface ranges from smooth to pebbly rough. 

'/ Beef -peptone hr oth —Alter 24 hours cultures show heavy clouding and mod- 
erate sediment, ’which disperses throughout the liquid in slightly stringy whorls 
when the tube is gently agitated. In older cultures the sediment is heavier and 
more stringy and clings to the bottom of the tube. There is no pellicle or ring. 

Potato cylinders . — After 48 hours there is a wet almost invisible growth and 
the medium is firm but bufl-colored above the water. After 10 days the growth 
is heavier, dark cream to light brown in color, creamy in texture, and rugose, and 
the part of the potato cylinder above the w’ater is light brown and softened. 

Uschinsici/s solid i07i {9 ). — Growth is very heavy after 48 hours, with a heavy 
pellicle, which falls easily to the bottom of the tube when it is agitated and leaves 
a slight, irregular ring on the tube at the top of the liquid. At the end of 3 
w^eeks the surface growth is so heavy that strands hang down from the pellicle 
almost to the bottom of the tube. There is no change in the color of the medium. 

FernWs amd Colin's sol id ions There is no growth at 20°, 25°, 30°, or 

. 35 °' 0 . . 
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PHYSIOLOGICAI. CHAEACTEES 

Vtirhm’i — T.lie slightly modified formula for Ayers, Rupp, and 

Johiisoifs syiitlierie carbohydrate media (23) was used. The alcohols and sugars 
were aclileil at a coiiceutration of 1 percent and the media were sterilisned. by 
steaming 1 hour In an Arnold sterilizer on each of three successiTe days. Before 
steidlizatioii broiueresoi purple was added, as an indicator. The color change 
from purple to yellow was used as the index of fernientatioii. An accurate final 
change In the pH was recorded by the use of a Bechman pH meter. Durham 
fermeora.tioi.i tubes were used so that the production of gas could be observed at 
the same tinm. Six representative cultures, inoculated in duplicate, were used 
ill the Tests, wliicli tvere made three times. Acid was produced with all of the 
eartsohydrates tested, namely, glycerol, saccharose, insulin, raffinose, lactose, malt- 
ose, dextrose, galactose, mannitol, and levuiose. Gas was not produced, 

Tempemiure relations. — The optimum temperature for growth is 30° C. The 
maximmii temperature at w’hieh tests were made with beef -agar slants was 40°. 
The bacterium grew at this temperature. There was slight growth at 10°, but 
none at 5°. The thermal death point is 52°. 

Relation to — Growth occurs only at the surface or just under 

the surface of rolled cultures in beef-agar- tubes, indicating that the bacterium is 
an aerobe. 

Nitrate reikiftion. — When Bacto-beef-peptone agar with 0.1-percent potassium 
nitrate added is the medium for growing the bacterium, there is a rapid reduction 
of nitrate. 

Indole pmductimi. — Indole is not produced w’hen the organism is grown in 
Bacto-tryptone broth. The Ehrlieh-Bbhme and Gnezda methods (2^) both gave 
iTegative tests. 

Ammonki prod net low. -—Ammonia is produced in beef-peptone agar and beef- 
peptone broth. Tests with Nessier’s solution were positive after 2 days’ growth. 

Mpdrogen sulfide, — When the test-strip method of ZoBell and Feltham and also 
the lead acetate agar test ( 24 ) were used, hydrogen sulfide was formed to a very 
jnod,erate degree. 

Elfimlpiis of starch. — Starch is hydrolyzed. Streak inoculations on beef- 
peptoue agar containing 0.2 percent soluble starch grew slowly, but after 10 days 
a clear zone showed outside the area of growth when the plates were flooded with 
LugoTs iodine. 

Meuetion in milk, — Milk is slowly peptonized without coagulation. After 7 
clays there was a complete reduction of litmus in litmus milk, and after 1% 
months the deep-blue color of the litmus had returned. When bromcresol i>urple 
was used as an ind leator, there was a gradual increase of the purple color, indi- 
cating increase In alkalinity. After a month the milk had become completely 
peptonized, leaving a stringy sediment in the bottom of the tube. No curd was 
formed. . . 

Qelatm liquefttefton , — Gelatin is liQiiified. On Bacto-nutrient gelatin plates at 
25° C., there was definite liquefaction by all cultures after 5 days. TJtilization of 
gelatin was demonstrated also by a modified method of Frazier (4) in which 4- 
percent gelatin was used in beef-peptone agar plates. In test tubes liquefaction 
was too slow to be detected. 

A MOKPHOLOGY 

The bacteria are in the form of short rods, rounded at ends, 0,3fc to 0.7^ 
by to averaging 0.6ja by l.Ofi. These ranges and averages are 
based on the measurement of 50* cells from each of 6 different cultures 
stained with ZiehFs carbolfuchsin. The rods occur singly, in pairs, or 
in chains of 3 to 10 cells; they are motile by a single polar flagellum, 
demonstrated by; Casares-GiFs staining method. Capsules can be seen 
W the use of either Anthony’s method or Huntoon’s method (BB). 
There are no spores, and the t^Us are not acidfast. The bacteria are 
Gram-negative when the cultures are grown on beef agar for 1 to 4 
days. 
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INOeULATlONS 

The patliogenicity of the bacterium isolated repeatedly from dis- 
eased leaves and stalks of corn from dilferent areas was established by 
artificial inociilatioiis on the following hosts and reisolatioiis of the 
typical organism from them: Illinois Yellow Dent and iyabania 
Strawberry dent corn. Golden Bantam and Adams Extra Early sweet 
corn at Washington, D. C., and Arlington Experiment Farm, Arling- 
ton, Va., and U. S. Hybrid IS dent corn, Golden Giant and Golden 
Cross Bantam sweet corn, Fulcaster wheat . (Tiltieimi aesthmm L.), 
Appier oats (Arena sativa L.), Oclerbriicker barley {Hordeum ml- ■ 
gare lj.)^ Abruzzes rye iSecale cereals L.), Honey sorgo {Sorghum 
vtdgare Pers.), Tift Sudan grass {Sorghum vulgare var. sudaneme 
(Piper) Setaria lutescem (Weigel) F. T. Hubb. (Ghmtoch- 

loa lutescens (Weigel) Stuntz), and (Lam,) Beaiiv. {G, 
gemculata (Lam.) Millsp. and Chase), at Plant Industry Station, 
Beltsville, Md. No experiments were conducted to determine the rela- 
tion of temperature to inf ection, but the best infections were obtained 
when greenhouse temperatures were relatively high, about 85° to 95° F. 
When the temperature was as low as 70° there was little or no in- 
fection, and infection was only slight when the temperature was 
about 75°. 

For the inoculations in the greenhouse the plants were grown to the 
4- or 5-leaf stage in 4-inch pots usually with 5 corn plants or about 8 
to 10 or more small-grain or grass plants per pot. In each inoculation 
on each host with each culture, the plants in 1 pot ^vere inoculated and 
corresponding plants in at least 1 pot were similarly treated with 
sterile water and similarly incubated as controls. In the inoculations 
in the field, at least 5 corn plants of each variety or strain in the pre- 
tasseling stage were inoculated with each culture thus used and at 
least 5 corresponding plants were similarly treated with sterile water 
as controls. 

Infections were readily obtained by spraying the leaves with water 
suspensions of the bacterium and holding the plants in a moist chamber 
for 24 hours. Symptoms appeared within 48 hours when inoculations 
of this type were made in the greenhouse (fig. 4, A and B ; fig. 5) . Corn 
seedlings were inoculated also by injecting the inoculum into their 
center through the leaf sheaths. A summary of the pathogenicity 
studies of leaf blight and stalk rot at Beltsville is given in table 1 . 

The lesions produced on com were typical of those that occur under 
natural conditions. Young lesions on the small grains appeared as 
green water-soaked areas surrounded by yellowish tissue. Later they 
became dark olive-gi'een surrounded by yellowed tissue sometimes 
bordered with ^tsepiad’ Older lesions became buff or light brown, sur- 
rounded with yellow and red. In severe infections the leaves some- 
times fell over about one-third to one-half the distance from the tip. 
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Figuke 5, — Leaves of wheat (JL), barley {B), Sudan ^;rass (T). and Scfaria 
hitescens (D) : a, Uninoculated control; d, inoculated in the ^^reenhoiise with 
the leaf blight and stalk rot bacterium, showing characteristic lesions. 


728 Journal of Agricultural Researck voi. 7S, ko. 12 

TABUi X.AsHMimi-rn of infections in the greenhouse on mrious hosts hyS cultures 

0/ Ihp fjffjfinimi isolated from lesiom on eorn leaves, BeltsvUle, Md, 

rutiiiss: 0, 'Xoae;,l, trace; 2, slight; 3, moderate; 4, heavy; axid 5, very heavy] 


Infection rating from indicated culture ^ 


riaat iiiocaliited 

2a 

2aDi 

2aD3 

2ai:)3 2 

2aD3r2 

2b 

2b Si 

3a 

3ar3 

I'. B. Hybrid 13 dent com 

3 

5 

4 

4 

3 

2 

5 

4 

4 




4 

4 

4 


5 

4 



""5 

5 

5 



5 

5 

5 


Fulcaster wheat 

■ 4 

4 

5 

2 

2 

5 

5 

5 

2 

AppU:r oats. 

i ^ 

4 ! 

! '5 i 

I ■ 2 

3 

5 ! 

5 

5 1 

1 

Oder bni eker I’^arl ey — : 

1 4 

4 1 

1 5 j 

4 

4 

5 I 

5 

5 .1 

4 

Abraz?.t*s rye - ! 


4 

5 I 

3 ^ 

3 ! 

5 j 

5 

5 i 

5 

Honey sorgo ^ 

1 1 

1 I 

2 1 

4 i 

4 

2 i 

2 

2 i 

3 

Tift Sudan griiss 

i 1 

2 ! 

2 

I 3 : 

5 ; 

1 ; 

1 

2 

3 

Setaria tuti.scens ; 

1 2 

3 1 

1 2 

4 : 

4 : 

1 i 

1 

1 

4 

Seiaria genkukta .i 

1 1 

X 

0 

3 j 

i 

■ 3 i 

.1 i 

1 

0 

3 


'5 Cultures 2b, and 3a were isolated from difTerent lesions on leaves of XI. S. Hybrid 13 dent com received 
from Kansas, iuly 1943; cultures 2aDi and 2^D3 from infections resulting from artificial inoculations with 
culture 2a on XT. S, Hybrid 13; culture 2bSi from infection resulting from artificial inoculation with culture 
2b on Golden Giant sweet corn; and cultures 2aD3r and 'Sar, reisolatlons from infections on Golden Cross 
Bantam by 2aD3 raid 3a, respectively. 

2 IJ sed in a sefmrate series of inoculations in which infection ratings on some hosts were somewhat different 
lora those previously obtained. 

When cultures from the previously described variant colonies were 
sprayed on leaves of seedlings of U. S. Hybrid IZ dent corn, Golden 
Giant sweet corn, and Setaria luteseem as described previously, typi- 
cal lesions resulted. Reisolations from the infected plants gave the 
same-type colony that was used in inoculating the plants, and some- 
times one or two of the other types of variant colonies that have been 
described^ as well as the typical, smooth colonies. This apparently 
indicates that the organism is not stable and is represented by several 
types that are pathogenic and may change within the host as well as 
on artificial media. Throughout these various series of leaf inocula- 
tions, the iininoculated control plants remained healthy. 

Stalk inoculations were made in the field and in the greenhouse by 
hypodermic injections of water suspensions of the bacterium into the 
stalks of plants just before the ears began to form. Injections were 
made as near to the upper ear node as could be determined. Fourteen 
diifereiit varieties of open-pollinated dent corn were inoculated in the 
field at Arlington Experiment Farm, Arlington, Ya. These showed 
typical stalk rot (fig. 4, C and Z>), top rot, and multiplicity of ears. 
All v^ere about equally susceptible. Inoculations were made into 
stalks of dent corn, U. S. Hybrid IS and U. S. Hybrid 357, in the field 
at Plant Industry Station, Beltsville, Md., with six different cultures. 
Typical stalk rot and multiplicity of ears resxilted, but no top rot oc- 
curred ill any of the plants inoculated. Similar stalk inoculations 
were made into three dent corn single crosses grown in 14-inch pots 
in the gr^eenhoiise with sexren cultures. Typical stalk rot and multi- 
plicit}" of ears w’ere produced in each of the crosses even though the 
plants did not reach maturity in the greenhouse. The uninoculated 
controls remained healthy. 

One limited series of inoculations also was made on seed. Fifteen 
kernels each of U. S. Hybrid 13 dent com and Golden Giant sweet 
com were inoculated by soaking them for 15 minutes in a water sus- 
pension of each of seven culture of the leaf blight and stalk rot or- 
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gaiiisiii. These iiioculated kernels were planted in a warm green- 
house ill 6-incli pots of aritoclaTed soil, five kernels per pot. In 6 days 
the seedlings were in the three-leaf stage and some of them, showed 
water-soaked lesions in the leaves. Later, a iiiimber of other pla,iits 
of both the dent and the sweet corn showed conspicuous lesions. The 
final results, taken, 12 days after planting, are given in table 2. Reiso- 
lations were made from representative lesions in the leaves of the 
IT. S. Hybrid 13 and Golden Giant plants inoculated with each culture, 
and the characteristic organism was recovered in each case. All of the 
iininociilated, control plants remained healthy. 


Table 2. — Results front inoculating seed of U. S, Hybrid IS dent corn and Golden 
Giant sweet corn with tcater suspensions of 7 cultures of the leaf blight and stalk 
rot organism 


Culture 

U. 

S. Hybrid 13 

Golden Giant 

Planted 

Emerged 

Infected 

Planted 

Emerged 

I,n,feeted 


Number 

Number 

Percent 

Number 

Number 

Percent 


15 

15 

27 

15 

12 

42 

2b 

15 i 

15 

27 

15 

13 

77 

2c 

15 

15 

60 

15 

15 

60 

2(1 

15 i 

14 

21 

15 

13 

45 

2e 

15 i 

15 : 

47 

1 15 

14 

50 

2L.... 

15 ; 

14 

36 

! 15 

15 

53 

3a 

16 ! 

15 

40 

! 15 

1 12 

58 

None (control) 

15 1 

15 : 

0 

! T 

1 i 

0 


Twm series of inoculations were made on vegetables. In each of 
these, six cultures of the organism previously found to be pathogenic 
on corn and other hosts were tested for pathogenicity on fresh, clean 
slices of cabbage, carrot, potato, and turnip. At least four slices of 
each of these were cut carefully with a sterile knife and placed in each 
of two large petri dishes. One set was left uninoculated and the other 
was inoculated by placing a drop of water suspension of each culture 
separately on the freshly cut surface of each vegetable. Within 5 
days a distinct soft rot, with a foul odor, was produced on each of the 
vegetables. Tlie cultures showed only minor differences in their abil- 
ity to cause rot. The uninoGuIated control slices remained sound. 
Isolations were made from each of these inoculation tests and the 
typical organism was obtained in each case in which infection occurred. 

IDENTIFICATION 

The organism described as causing the bacterial leaf blight and 
stalk rot of corn has been found to agree in all essential respects with 
that described by Kosen { 14 ^ 16) Psewiomonm albopreoipitans. 
While Rosen described this species as the cause of a bacterial disease 
of OhaetoeMoa lutescens {Setarm luteseem) as found in nature, he 
reported that under greenhouse conditions it was jiathogenic also on 
C.gemmldt'a^fS. genleidata ) , Holcm so^ghwm L. {Sorghum wig acre ) , 
M. mTghumCsadan-ensh Hitche. {S, mdgare var. sitdanense) ^ Mot- 
deum viMgare^ Secale cereale^ Truwmtt wlgare Vill. {T, aestivum) ] 
SiiidZeamags. 

As stated previously, the bacterial leaf blight and stalk rot on dent 
corn occurs in nature in a number of Southern and Central States. 
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The oroirni.-m iK>latecl was. shown to be pathogenic on essentially the 
saiue kuNt.H reported as susceptible to Pseudomonas (dRoprenipitans by 

fioseii* 

In addition to the similarity in host range, the cultural, pliysiolog- 
icai. and niorpliological characters of the organism under study are in 
airrceiiieiit with those of Pseudomona^s alhoprecipitans Kosen 
1 1 d I I Baaff n a nh alho pn ey pdan ^ Rosen ( 16 ) , Phytomonas alb opreGipi- 
troo?, t Rosen ) Bergey et ah t^) ) . 

COMPARISOX WITH .OTHEB BACTERIAL DISEASES OP CORN 

The !,)acterial leaf blight and stalk rot of corn caused by Pseudo- 
wtonafi (dho ptecl pltmis as describe-d differs distinctly from baterial wilt 
cjiused by Bactermm stewarti E. F. Sm. in both symptoms and causal 
organism. In the former the lesions on the leaves are definite spots 
or stripes, usually with a ^%epia’' margin,; the stalk rot is limited to 
tlie upper part of the plant; and the causal organism is white. In 
the latter the leaf lesions tend to be long and rather narrow with wavy 
rnargins, streaking the leaves. From these lesions the bacterium 
spreacls to the stalk, especially in sweet corn, produces a systemic 
infection, chiefly in the vasc.iilar system, and is ' 3 t' 11 ow. 

The conspicuous difference between the stalk rot of corn caused by 
Pseyiidomonm (dbopreeip?taas and that described by Rosen (iJ, 77, 
IS) as cause<l Iw Phytomoyias dissolvens Rosen is that the former is 
confined to the upper part of the stalks and the latter to the lower part. 
While both of these organisms are white, they differ in certain ^lysio- 
logical cliaraeters, particulaiiy as regards" gas formation. P, dis- 
Botvms grows more rapidly, forms large colonies, and produces gas in 
various carbolpydrate media, whereas Ps, alhoprecipitans ioTms smaller 
colonies and no gas. 

The bacterial stalk rot described by Ark (1 ) as caused by Phytomonas 
lupsa Ark {PseMdomotim lapsa (Ark) Burk. {S)) differs , distinctly 
from tliat caused hy Ps\ albopi^dpitans in that the corn plants attacke(i 
!>v the former eommonlv" fall to the ground and the causal bacterium 
produces fliioreseeiice in Uschinsky’s, Fermi’s, and Cohn’s solutions. 

The bacterial disease on corn dekribed by Kendrick (7, 8) as caused 
by Bnctermm hoM Kendrick {Pseudomonas Eendrick) occurs 
only’ on leaves as small circular, elliptical, or irregular spots, at first 
water-soaked and later brown with a narrow darker brown to reddish* 
brown border. The organism, which is now considered the same as 
Ps. syrmgm van Hall {S), is- white and fluorescent' and produces a 
greenish pigment in some media; therefore it is distinctly different 
ftom Ph, mhoprempitans* 

Xoni>arasitic injuries to corn leaves caused by sodium nitrate havino- 
been aceidentalB" thrown into the leaf whorl on hasty examination 
may sometimes be confused with leaf l^ions caused by Pseudomonas 
aihopreripHam, IThile the sodium nitrate may cause"' bleached spots 
and stripes, these usually do not show the characteristic -^^epia” 
borders^ nor do they show bacterial streaming when examined micro- 
seopicalJy. Likewise, if plated, they do not yield the characteristic 
bacteninn.. 

DI3GUBSION 

On account of the sporadic 'owurrenee of leaf blight and stalk rot 
and the Jack of specific inforaiatioti on the source of inoculum in 
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nature, no study of control measures was made. From tlie standpoint 
of economic iiiiportance thus far, control measures seem scarcely 
iieecled. It is not known, however, how severe the disease might be- 
come under some set of conditions especially favorable for its develop- 
iiient. Therefore the disease should be watched. 

/ While it has been shown that the pathogen may be seed-borne if 
inoculated onto the seed just before, planting, there is no information 
to indicate that it is seed-borne under natural conditions. On the other 
hand, the pathogen has been identified as Psendomofias. alhoprecipk 
tafis, wliieli was originally isolated from Setaria 'hitescens^ a common 
iveed in cornfields. There is the possibility, therefore, that the patlio- 
gen may spread from this host to corn under field conditions. Since 
the identification of the pathogen there has been no opportiniity to 
make field observations on this point. 

SUMMARY 

A bacterial leaf blight and stalk rot of corn has been found to occur 
sporadically in various Southern and Central States, where it has been 
of minor importance. 

The disease attacks both the leaves and the stalks of corn. 

The causal organism is a white, Gram-negative, motile bacteriuni 
identified as Pseudomonas alhoprecipitans Kosen. 

Inoculation experiments have shown that the disease may be readily 
induced on corn, wheat, rye, barley, oats, and Setaria lutescens by 
spraying the leaves with water suspensions of the bacterium. Light 
infections were obtained in the same way on S, genieulata^ Honey 
sorgo, and Sudan grass. 

Stalk infection occurred when water suspensions of the organism 
were inoculated into the stalks of corn previous to tasseling. 

Kernels of both dent corn and sweet corn soaked in water suspen- 
sions of the bacterimn and then planted in sterile soil in the green- 
house produced infected seedlings, while corresi)onding controls re- 
mained healthy. 

Variants of the typical colonies showed pathogenicity on corn and 

Setaria lutescens. 
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SYMPTOMS OF AMINO ACID ACTION ON TOBACCO 
SEEDLINGS IN ASEPTIC CULTURE 1 

By Robert A. Steinberg 

Physiologist, Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant 

Industry, Soils, and Agricidtural Engineering, Agricultural Research Administra- 
tion, United States Department of Agriculture 

INTRODUCTION 

Data reported in an earlier paper ^ indicated that traces of dl- 
isoleiicine in the cultural medium caused specific changes in gross 
morphology of tobacco seedlings closely approximating those of the 
disease known as frencliing. The abnormalities observed included 
strap leaves, reticular chlorosis, inhibition of stem elongation, and 
large increase in leaf number. Grow^th responses to other amino 
acids were likewise specific. Wide variations in gross morphology 
were found to take place with changes in concentration and with 
admixture of different amino acids. The suggestion was therefore 
made that the symptoms of frenching are primarily localized responses 
to toxic concentrations of free amino acids in the tissues of the plant. 
In this case break-down of protein metabolism in the plant because of 
malnutrition qoulcl lead to a variety of growth responses depending on 
the kind and concentration of intermediate metabolic products and 
the regions in which tlw accumulated. 

Research along these lines is necessarily limited because of unavail- 
ability of peptides in pure form. It is probable, also, that not aU the 
natural amino acids and similar compounds of the tobacco plant are as 
yet known. In a continuation of such vrork, however, seedlings have 
been grown to greater size by use of larger flasks, and a distinction 
has been made between the actions of the natural and unnatural 
optical isomers of isoleucine. A few organic compounds not previously 
reported on have also been tested. An effort, lastly^ has been made 
to distinguish between, normal and abnormal hormone effects of these 
plant metabolites. Any response within the range of normalcy of the 
plant "vvoiild indicate that gross morphology is, in part at least, a 
reflection of protein metabolism. 

^ Reeeived for publication December 16, 1948* 

2 Steinberg, R. A. Growth Responses to Organic Compounds by Tobacco 
Seedlings in Aseptic Culture. Jour. Agr. Res. 75: 81-92, illus. 1947. 
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EXPERIMENTAL TECHNIQUE 

Seedlings of Maryland Medium Broadleaf tobacco 
tabaeuwi L.)— Robinson strain — ^were grown with continuous illumina- 
tion from 3,500'° C. wliite fluorescent lamps. The ^ plants were 
propagated, aseptically in the. manner previously described.^ Some 
were grown in 200-milliliter Erlenmeyer flasks wdth 50 milliliters of a 
complete mineral agar, at 25° C. and an illumination intensity of 
about 500 foot-candles. Others were grown in 1-liter Erlenmeyer 
flasks with 250 millfliters of a complete mineral agar, at room tem- 
perature. Illumination at the agar surface in the larger flasks was 
about 300 foot-candles, because of greater distance from the lamps. 

Tests with the larger flasks were made individually, in order to 
conserve materials; those with the small flasks were made in duplicate. 
Ill general, trials were repeated with decreasing concentrations of a 
coinpound until a value vras found that caused a moderate alteration 
of gross morpholog}^ ' 

RESPONSES TO AMINO ACIDS 

Table 1 presents the results for seedlings grown in liter flasks for 2 
months wdth nutrient agar to which various amino acids had been 
added in various concentrations and for a seedling grown in a 2-liter 
flask for 4 months with nutrient agar to which 200 p. p. m. (parts per 
million) of dZ-isoleucine had been added. The concentrations listed 
indicate the degrees of effectiveness of the individual compounds in 
bringing about responses. A few compounds, such as df-alanine 
and f-hydroxyproline, were effective in high dilution. Others, as 
d-arginine, Z-cystine, and dZ-omithine, caused no reaction at relatively 
high concentration. The symptoms of excessive amino acid concen- 
tration differed widely according to which acid w^as used. The effects 
of admixture of a second amino acid — l-hydroxyproline, Weucine, or 
/-tryptophane^ — on the growth response to d/-isoleucine varied with 
the kind and quantity of admixed acid. 

Symptoms of amino acid action listed in table 1 include most of 
those observed in short-duration experiments already reported by 
the writer. The longer growth periods, however, permitted a greater 
degree of expression, because of larger size of plant parts. Some of 
the symptoms fell ■within the range of normality; that is, they could 
have been mistaken for seasonal or varietal differences. Use of 
d/-nqrleucine led to new responses under a 2-month duration— thick 
leaves with irregular or ragged margins, and down-cupped leaves with 
hooked tips. 

Figures 1-8, photographs of some of the plants described ha table 
1 and of other plants used in the experiments, illustrate the wide 
differences in morphology resulting from the presence of excessive 
concentmtioiis of different amino acids alone or in mixture. Figure 
1 reveals the closeness of approximation to the symptoms of frenching 
brought about with d/-isoleiicine. Inhibition of stem growth, 
repression of leaf lamina development, reticular mottling, and large 
increase in leaf number are all clearly evident. The down-cupped 
leaves of the plant in figure 2, which was gin wn in a medium contain- 


® Bee footnote 2. 
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Table 1. — Effects of aminf} acids on gross morphology of tobacco seedlings — Mary- 
land Medium Broadleaf iRohinson strain) — grown for 2 months in 1-liter Erlen- 
nieyer flasks under aseptic conditions 


TTeat,m,eiit 

Quantity 

Appearance of seedling 

Tests of single eompomids: 

No treatment 

Paris per 
million 

Normal. 

Adenine 

55 

Transient, down-cupped leaves, dark mottle. 

Light rims, marginal spots, basal leax-'es with yellow 
apices. 

Tiny white seedlings. (I^ater they became normal.) 
Light interveinal chlorosis, surface roots. 

JMarginal chlorotic leaf spots. 

Alarginal leaf spots and slight cupping. 

dl- AUnine 


dl-a-Aminobutyric acid 

10 

Arginine liydi-oehloride_ - - 

Z-Asparagine 

400 

36 

Z-Aspartic acid 

.50 

Z-Cystine., 

400 

d-Glutamie acid 

30 

Chlorotic leaf blotches. 

Glycme-.- _ . 

45 

50 

Chlorotic spots and blotches. 

Pale leaf rims. 

Z-Hikidine dlhydrocliloride 

Z’Hvdroxyproline 

3 

C upped leaves, normal stem growth . 

Leaf mottle and strapping*, rosette; growth of axillary 
leaves only. 

Dark primary leaf veins; yellow basal leaves. 

Normal. 

dZ-IsolGucine A . .. 

200 

Z-Leucine 

300 

d-Lysine dibvdroehloride 

50 

dZ-Methionine 

200 

200 

Dark-green rosette; puffy, , down-cupped leaves; 
yellow basal leaves. 

Dark-green rosette; thick leaves; leaf margins irregu- 
lar; dowm-cupped, hooked tips; yellow basal leaves. 
Normal. 

dZ-Norleucine 

dZ-Omithine hydrochloride 

400 

dZ-jS-Phenylalanine 

300 

Severe mottle, dead basal leaves, large necrotic, 
blotches. 

Transient rim mottle; yellow basal leaves. 

Transient leaf mottle. 

Transient stem retardation; short leaf midribs, 
Narrow, pointed leaves. 

Dark-green leaves with reticular mottle; black roots. 
Yellow basal leaves. 

Z-Proline 

45 

dtSerine 

40 

dZ-Threonine 

45 

Z-Tryptophane 

20 

Z-Tryrosine 

300 

dZ-Valine 

20 i 

Tests of mixtures; 

dZ-Isoleuciue in mixture 

200 

Z-Leucine admixture . 

40 

5 

/ 4 

Few leaves, some narrow; reticular chlorosis. 
Strapped, reticulated leaves. 

Many reticulated strap leaves; rosette. 

Z-Hydroxyproline admixture 

Z-Tryptophane admixture 

dZ-Isoleucine alone 

1 8 

Many reticulated leaves; rosette; suckers. 

Transient strap leaves; many narrow, reticulated 
leaves; rosette. 

Normal; height on 39th day 5.2 inches. 

Normal; height on 39th day 4.5 inches. 

Normal; height on 39th day 4,0 inches. 

Normal; height on 39th day 2.0 inches. 

Slightly reticulated leaves; height on 39th day 2,0 
inches. 

Tests of subtoxic concentrations of dZ- 
isoieueine. 

200 

1 i 

1 J 


1 Growth period 4 months, flask capacity 2 liters. 


mg 3 parts per million of Z-hydroxyproline, resemble those shown by 
Valleau and Johnson in their paper on frenching.^ This amino acid 
is one of those most effectiTe in their action on the tobacco plant; 
it is lethal at 5 parts per million. Leaves with irregnlar margins 
(fig. 3) have been noticed only in the presence of di-norleiicine. 
Arching backward of the young bud leaves is characteristic of the 
action of this same compound. The effect of dl-methionine (fig. A) 
seems to be largely an inhibition of midrib and veinal gi*owth, resulting 
in leaf twisting and puffiness. Otherwise the plant seemed vigorous 
and healthy. 

Some of the effects of the presence of other amino acids on the 
action of <^Wsoleucine on tobacco seedlings appear in figures 5“8. 
Egure 5 shows the effect on growth of a mixture of 5 parts per million 
each of dZdsoleucine and Zffiydroxyprolm^^ The narrow, badly hooked 

^ Valleau, W. D., anb Johnson, E. M. Tobacco Phenching — A Nitrogen 
Deficiency Disease. Ky. Agr. Expt. Sta. BuL 281, pp. 175-253, illus. 1927. 
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Figx'ke 1. — Seediing of Maryland Medium Broadleaf tobacco grown for 4 months 
in a 24iter flask with a mineral-salt agar containing 200 parts per million of 
df-isoleucine. The lower leaves became mottled, and the terminal bud ceased 
to grow. The axillary buds then developed into strap leaves^ although branch 
elongation was practically suppressed. 


leaves bear hardly any resemblance to those ohtaiBed with separate 
use of these amino acids (figs. 1 and 2). An example of striking 
contrast in response to different mixtures of even the same two amino 
aeids is supplied by the seedlings shown in figures 6 and 7, which 
were grown with 200 parts per million of rfAisoIeiicine and with 4 
pails- per million and 20 parts per million, respectively^, of ^!-trypto- 
phane. The first (fig. 6) was a large and vigorous plant having* many 
strap leaves and having each of its lower leaves tightly rolled so that 
tlie lower leaf surface was covered. The second (fig. 7) was a tiny 
rosette with leaves of almost normal width. Both seedlings exhibited 
eldorosis. 

Use of the niixtiire 200 parts per million of rfWsoIeucine plus 20 
parts per million of /-leucine resulted in inhibition of stem growth 
and ill reticadar (ddorosis of a more pronounced type (fig. 8). Hoiv- 
ever, it permitted development of leaf width far nearer to normal 
than that associated with use of d/-isoleiiciiie alone. (A higher con- 
centration of /-leucine would presumably have further diminished the 
morphological effects of the dZ-isoleucine.) 
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Empliasis 1ms been placed so far on the more marked responses, in 
gross morpliology b}" tobacco seedlmgs‘^to addition of aimno acids. 
That growtli responses to lower concentrations of amino acids may 
occur without aii 3 ^ indication of morphological abnormality in the 
plant \vas_ demonstrated 'with rfWsoleucine (table 1). Concentrations 
of this acid ranging from 2 to 5 parts per million' produced seedlings 



Figure 2. — Seedling of Alaryiaiid 
^fediuin Broadleaf tobacco grown for 
2 months in a liter flask with a 
mineral-salt agar coiitalning sucrose 
and 3 parts per million of Z-hydroxy- 
in-oline. Note characteristic cupping 
of somewhat narrow leaves. 


Figure 3. — Seedling of Maryland Me- 
dium Broadleaf tobacco grown for a 
month in a liter flask wuth ainineral-salt 
agar containing sucrose and 200 parts 
per million of ^fl-norleucine. A dark- 
green rosette with slightly cupped 
leaves having irregular margins and 
younger leaves having down-curled 
and hooked tips. 



Figure 4. — Seedling of Maryland 
Medium Broadleaf tobacco grown for 
2 months in a liter flask with a mineral- 
salt agar containing sucrose and 200 
parts per million of dl-methionine. 
A dark-green rosette with slightly 
cupped leaves in which inhibition of 
veinal growth relative to growth of 
interveinal tissue has produced puflh- 
ness. ■ 



Figure 5. — Seedling of Maryland 
Medium Broadleaf tobacco grown for 
a month in a liter flask with a mineral- 
salt agar containing sucrose and 5 
parts per million each of dMsoleucine 
and Z-hydroxyproline. Note accen- 
tuated backward hooking of leaf tips. 
The leaves are wrinkled and covered 
with dark biotches. 
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FiGriiE 6. — Seedling of Maryland Figure 7. — Seedling of Maryland 
Medium Broadleaf tobacco grown for Medium Broadleaf tobacco grown for 
2 months in a liter flask with a 2 months in a liter flask with a 

nuuerai-.sa]T agar eontainiiig sucrose, mineral-salt agar containing sucrose, 

200 parts per iiiillion of <rlZ-isoleucine, 200 parts per million of d/-isoleucine, 
and 4 parts per million of /-trypto- and 20 parts per million of /-trypto- 
phane. The plant is large and vigor- phane. Note absence of stem elonga- 

ous blit has many strap leaves and tion, formation of leaves by axillary 

has each of its lower leaves tightly buds, and reticular chlorosis*^ of leaves/ 

roiled. R.eticular chlorosis is present. 



IiGURE 8. Seedling of iMaryland Medium Broadleaf tobacco grown for 2 months 
m a liter flask with a miiieral^it agar containing sucrose, 200 parts per miilior 
of d£-isoleucnie, and 20 parts per million of Heucine. Note decreased formatior 
ot strap leaves and outstanding reticular chlorosis. 
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tliat were normal to all appeara,nces ' except for retaliation of growtli 
in lieiglitj wliicli varied inversely with concentration of the amino 
acid. 

RESPONSES TO OTHER COMPOUNDS 

Table 2 describes seedling, responses not only to amino acids but to 
other compounds that have been 1 ‘eported to be present in the tobacco 
plant or that may justifiably be assumed to be present, in it, observed 
after oiil}" 28 days of growth of the seedlings in 200-.inillilitef flasks. 
Acids of high molecular weight were found less effective in bring,iiig 
about growth responses of tobacco seedlings than amino acids. Acids 
of low molecular weight, including formic, -acetic, 'and acrylic, were 
as effective as any of the amino acids. Attention is called to the fact 
that cl-gliitamine at 200 parts per million permitted normal develop- 
ment of the seedlings, whereas Z-asparagine and Zaspartic acid in miicli 
lower concentrations (table 1) were toxic.^ 

The results obtained with synthetic dZ-isoleiicine as compared with 
those obtained with two samples of the imnatural isomer of isoleucine 
clearly indicated that the near duplication of the symptoms of french- 
ing was due on\y to the action of the natural. optical isomer, Z (+)- 
isoleucine. A sample of the natural isomer proved as full}' effective 
at 100 parts per million as did the racemic niixture at^ 200 parts per 
million. It follows that only the natural isonier of isoleucine was 
responsible for the frencliing response obtained in these and previous 
experiments with the racemic mixture. 


Table 2. — Effects of various compounds on gross morphology of tobacco seedlings 
Maryland Medium Broadleaf {Robinson strain) — grown for ^8 days in WO-mL 
Erlenmeyer flasks under aseptic conditions 


Compound 

Quantity 


1 Paris per 
million 

2-Aminopyridine _ 

400 


100 

5-Aniiuonracil 

5 

Calcium formate 

5 


10,000 

Calcium 2-keto-D-gluconate 

4,000 

Choline hydrochloride - 

150 

D ill ydroxy ace tone. 

1,000 

Fthyl oxa'laeetate (Na)' -■ - 

1,000 

Olucosamin hydrochloride - 

400 

d-Glutamino.- .... 

200 

Glutathione . 

200 

df-Isoleueine. .. - ---i 

200 

d (~) -Isoleucine (unnatural isomer) ‘ 1 
d (—) -Isoleucine (unnatiirarisomer) 2 .. 
1 (4-) -Isoleucine (uatural isomer) 2 .. . .. 
dZ-Malic acid - 

200 

200 

100 

1,000 

Nieotine _ 

176. 

Potassium bisaccharate 

1,000 

Sodium acetate - 

6 

Sodium acrylate . ......... 

2 

Sodium sucemate— — ... - - - — 

10,000 


Appearance of seedling 


Normal. 

no. 

Light-tan necrotic spots and blotches on leaves. 
Apical chlorosis of basal leaves. 

Basal chlorosis of leaves with apical green crescents. 
Leaves with yellow rims; white basal leaves. 

Xiarge white blotches on leaves. 

White stem and leaf midribs. 

Normal; small rosette. 

Leaves with slight mottle and light rims. 

Nomal. 

Do. ‘ 

Apical and marginal leaf spots. 

Rosette with strap leaves; short roots. 

Faint interveinal chlorosis in older leaves; long roots 
Do. 

Rosette with strap leaves; short roots. 

Faint interveinal leaf chlorosis. 

GMor®is of bottom leaves; retarded growth. 
Yellowing of leaves with age. 

Apical chlorosis of basal leaves. 

Chlorosis of bottom-leaf apices and margins\ 

Light general mottle; large chlorotic blotehes. 


1 Received through courtesy of Merck & Co.. Inc. 

2 Received through courtesy of William 0. Rose. 

3 Received through courtesy of William H. Stem, 
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DISCUSSION OF RESULTS 

The |)r(H.!iiriioii of abnormal alterations in gross iiioq^liology of 
iobaodi seedlings is not confined to tJie aiiiino adds, 41s is sliowii by 
llie data for the salts of formic, acetic, and acrylic acids. The exact 
resiilts to be expected from accumulation of a metabolic product in 
the tissues of the plant are, it is surmised, thy resultant of tlie type 
of prodiK't that accumulates, its concentration, and the localized 
it‘gioii of its arciiiniilation. 

The question whether near duplication of the symptoms of frericliiiig 
ill tobacco seedlings grown in nutrient agar containing isolexiciiie is 
due ,to production witliin tlie plant of the unnatural isomer has, been 
answered in the negative. Only the natural isomer, I (+)-isoleucine, 
will, so function. The unnatural isomer was practically without 
effect at 200 parts per million, w^hereas the presence of 100 parts per 
million of the natural isomer in the synthetic product caused strap- 
leaf formation characteristic of extreme frenchiiig. 

The very gradual resumption of normal growth by the tobacco 
seedling after t:reatment with a low concentration of dZ-isoleucine 
indicates a normal, though limited, coupling reaction in the plant to 
this amino acid. Spontaneous recovery of frenched plants in the 
field luxs been observed, also. 

It is doubtful whether the addition of free amino acids, etc,, to a 
cultural medium can successfully be used to produce symptoms that 
are identical to those produced in a specific abnormal field environ- 
ment. The reasons for this are obvious. ^ Probably no specific 
syiidrome results from accumulation of a single compoiincL It is 
more likely, in fact, that as yet unknown amino acids and other meta- 
bolic products participate in the causation of symptoms. The extent 
to which duplication of the symptoms of frenching was brought 
about by use of the very simple mixtures employed in the experiments 
described in this paper is therefore surprising. A factor that probably 
operated to prevent exact duplication in the experiments of any 
specific aggregate of symptoms is the contmued normal functioning 
of whatever mechanisms for detoxification exist in the plant. In 
naturally abnormal plants certain of these detoxification mechanisms 
may have ceased to function. It is doubtful, finally, whether identical 
symptoms will be shown by seedlings and mature plants or by plants 
giown in flasks and plants growrn in the field. 

The data indicate that the effects of the free amino acids on 
tobacco seedlings are not confined to production of morphological 
abnormalities. The free amino acids tested, particularly isoleucine, 
also caused alterations in rate of stem and leaf growth. Stem eloiiga- 
tion was retarded by rfZ-isoleucine at very high dilutions that per- 
mitted otheiwise apparently normal development of the plant. If 
the property of isoleucine that tends to cause such alterations is 
normally utilized by the plant, the responses obtained would be 
subject to wide modification as a result of fluctuations in the quanti- 
ties of other metabolites present. The properties of different amino 
acids ill admixtures are not necessarily additive or the same in kind. 

It appears probable that use of stfll longer ginwth periods and of 
quantities below the threshold values for obvious abnormal symp- 
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toms umiild result in a greater number of ^ apparently normal iiior- 
pliological responses. 

SUMMARY 

Seedlings of Maryland Medium Broadleaf tobacco ' (Nicotimia 
tabamm L.) — Robinson strain — were grown in aseptic culture in 
200-‘milliliter flasks for 28 days or in l4iter flasks for 2 months with 
a complete mineral agar containing one or more amino acids or other 
compounds that are known or may be assumed to occur in tobacco 
plants. Continuous illumination of about 500 and 300 foot-candles 
from white fluorescent lamps was maintained. Response of the seed- 
lings to the presence of amino acids in the medium varied with kind, 
concentration, and admixture over a wide range in gross morphology. 
In particular, response to dZ-isoleucine in a concentration of 200 parts 
per million closely approximated symptoms of the disease known as 
frenching, including formation of strap leaves, reticular chlorosis, in- 
liibition of stem elongation, and large increase in leaf number. 

Seedlings grown in nutrient agar containing 4 or 5 parts per million 
of dZ-isoleucine were retarded in stem growth but otherwise appeared 
to have developed normally. The unnatural isomer of isoleucine at 
200 parts per million did not cause the frenching response to' appear, 
whereas the natural isomer at 100 parts per million did. Toxicity of 
asparagine was six times that of glutamine. The longer growth 
period led to better defined toxicity symptoms and to the appearance 
of some new responses, a few of which fell within the range of normalcy, 
Acids of low molecular weight caused more pronounced symptoms of 
abnormality than those of high molecular weight. 


o 
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